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WARRANTY 



All Tektronix instruments are warranted 
against defective materials and workman- 
ship for one year. Tektronix transformers, 
manufactured in our own plant, are war- 
ranted for the life of the instrument. 

Any questions with respect to the war- 
ranty mentioned above should be taken 
up with your Tektronix Field Engineer. 

Tektronix repair and replacement-part 
service is geared directly to the field, 
therefore all requests for repairs and re- 
placement parts should be directed to 
the Tektronix Field Office or representative 
in your area. This procedure will assure 
you the fastest possible service. Please 
include the instrument Type and Serial or 
Model Number with all requests for parts 
or service. 
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Fig. 1-1. Top; the Type 454 Oscilloscope. Bottom; the Type R454 Oscilloscope. 
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Type 454/R454 



SECTION I 

TYPE 454/R454 SPECIFICATION 



Introduction 

The Tektronix Type 454 Oscilloscope is a wide bandwidth, 
portable oscilloscope designed to operate in a wide range 
of environmental conditions. The light weight and compact 
design of the Type 454 allow it to be easily transported, 
while providing the performance necessary for accurate high- 
frequency measurements. The dual-channel, DC-to-150 mega- 
hertz vertical system provides calibrated deflection factors 
from 5 millivolts to 10 volts/division (bandwidth is reduced 
at the two lowest deflection factors). Channels 1 and 2 can 
be cascaded using an external cable to provide a one milli- 
volt minimum deflection factor. A bandwidth limit switch 
allows low-frequency, low-level signals to be viewed with re- 
duced interference from signals above about six megahertz. 

The trigger circuits provide stable triggering over the full 
range of vertical bandwidth. Separate trigger controls are 
provided to select the desired triggering for the A and B 
sweeps. One of three sweep modes can be selected for A 
sweep; automatic triggering, normal triggering or single 
sweep. The horizontal deflection system provides calibrated 
sweep rates from five seconds to 0.05 microsecond/division. 
A X10 magnifier allows each sweep rate to be increased 10 
times to provide a maximum sweep rate of five nanoseconds/ 
division in the .05 fis position. The delayed sweep feature 



TABLE 1-1 
ELECTRICAL 



Characteristic 


Performance 


VERTICAL DEFLECTION SYSTEM 


Deflection Factor 

Channel 1 or 2 cali- 
brated range 
Without probe 


Five millivolts/division to 10 volts/ 
division in 11 steps. Steps in 1-2-5 
sequence. 


With P6047 Probe 


50 millivolts/division to 100 volts/ 
division in 11 steps. Steps in 1-2-5 
sequence. 


Channel 1 or 2 accu- 
racy 

Without probe 


Within 3% of indicated deflection 
with GAIN correctly adjusted at 
.2 V/DIV. 


With P6047 Probe 


Within 3% of indicated deflection 
with GAIN correctly adjusted at 
20 mV/DIV. 


Added mode accuracy 
Uncalibrated (vari- 
able) range 


Within 3% over calibrated range. 
Continuously variable between 
calibrated deflection factor set- 
tings. Extends maximum uncali 



allows the B sweep to be delayed a selected amount from the 
start of A sweep to provide accurate relative-time measure- 
ments. Calibrated X-Y measurements can be made with Chan- 
nel 2 providing the vertical deflection and Channel 1 provid- 
ing the horizontal deflection (TRIGGER switch set to CH 1 
ONLY, HORIZ DISPLAY switch set to X-Y). The regulated DC 
power supplies assure that instrument performance is not 
affected by variations in line voltage and frequency. Total 
power consumption of the instrument is about 125 watts. 

Information given in this instruction manual applies to the 
Type R454 also unless otherwise indicated. The Type R454 
is electrically identical to the Type 454 but it is adapted for 
mounting in a standard 19-inch rack. Rackmounting instruc- 
tions, a mechaniacl parts list and a dimensional drawing 
for the Type R454 are provided in section 10 of this manual. 

This instrument will meet the electrical characteristics 
listed in Table 1-1 following complete calibration as given 
in Section 6. The performance check procedure given in 
Section 5 provides a convenient method to check instrument 
performance without making internal checks or adjustments. 
The following electrical characteristics apply over a cali- 
bration interval of 1000 hours and an ambient temperature 
range of — 15°C to +55°C, except as otherwise indicated. 
Warm-up time for given accuracy is 20 minutes. 



Characteristic 


Performance 




brated deflection factor to at least 
25 volts/division. 


Channels 1 and 2 cas- 
caded (uncalibrated) 


One millivolt/division minimum 
with signal connected to INPUT 
CH 1, CH 1 OUT connected to IN- 
PUT CH 2 through a 50-ohm 18- 
inch RG-58A/U BNC cable, CH 1 
and 2 VOLTS/DIV switches set to 
5 mV, MODE switch set to CH 2 
and TRIGGER switch set to NORM. 


Low-Frequency Linearity 


0.1 division or less compression or 
expansion of a center-screen two- 
division signal when positioned to 
the top and bottom of the grati- 
cule area. 


Bandwidth at — 3dB 
Points with Four-division 
Reference (CH 1 and CH 
2 VARIABLE controls set 
to CAL) 

BW-BEAM FINDER 
switch set to FULL (all 
vertical modes) 

DC input coupling 


DC to upper limit defined in Table 
1-1 A. 
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Specification — Type 454/R454 



Characteristic 


Performance 


AC input coupling 


10 hertz or less (one hertz or less 
with P6047 Probe) to upper limit 
defined in Table 1 -1 A. 


BW-BEAM FINDER 
switch set to 5 MHz 
DC input coupling 


DC to four megahertz or greater 
and six megahertz or less at all 
deflection factors. 


AC input coupling 


10 hertz or less (one hertz or less 
with P6047 Probe) to four mega- 
hertz or greater and six mega- 
hertz or less at all deflection fac- 
tors. 


Attenuation ratio of 
signals greater than 
65 megahertz with 
BW-BEAM FINDER 
switch set to 5 MHz 


10:1 or greater. 


Step Response (CH 1 
and CH 2 VARIABLE con- 
trols set to CAL, BW- 
BEAM FINDER switch 
set to FULL) 

Risetime (all vertical 
modes) 


See Table 1-1A. 


Aberrations (without 
probe, 25°C ±5°C) 

5 mV/DIV 


Measured with positive-going step from 
25-ohm source, CH 2 INVERT switch 
pushed in. All aberrations measured 
within area between one risetime and 
50 nanoseconds after 50% point of 
step. 

Peak aberrations not to exceed 
+7% or —7%; total peak-to- 
peak aberrations not to exceed 

7%. 


10 mV/DIV 


Peak aberrations not to exceed 
+ 6% or — 6%; total peak-to- 
peak aberrations not to exceed 
6%. 


20 mV/DIV 


Peak Aberrations not to exceed 
+5% -or —5%; total peak-to- 
peak aberrations not to exceed 
5%. 



Characteristic 


Performance 


50 mV/DIV 


Peak aberrations not to exceed 
+ 5% or — 5%; total peak-to- 
peak aberrations not to exceed 

5%. 


100 mV/DIV 


Peak aberrations not to exceed 
+7% or — 7%; total peak-to- 
peak aberrations not to exceed 
7%. 


Vertical Display Modes 
(selected by front-panel 
MODE switch) 


Channel 1 only. 

Channel 2 only. 

Dual-trace, alternate between 
channels. 

Dual-trace, chopped between 
channels. 

Added algebraically. 


Input Coupling Modes 
(selected by front-panel 
Input Coupling switch) 


AC (capacitive) coupled or DC 
(direct) coupled. 


Common-Mode Rejec- 
tion Ratio, AC and DC 
Input Coupling 


10:1 or greater at 50 megahertz 
for common-mode signals 400 mil- 
livolts peak to peak or less in 
amplitude (with optimized setting 
of CH 1 and CH 2 GAIN adjust- 
ments at 50 mV/DIV and 50 meg- 
ahertz). 


Maximum Input Voltage, 
AC and DC Input Cou- 
pling 

Input RC Characteristics 
Resistance 


600 volts (DC + peak AC). Peak- 
to-peak AC less than 600 volts 
(one kilohertz or less). 

One megohm ±2%. 


Capacitance 


20 picofarads ±1 pF. 


Input Current 


Two nanoamperes or less result- 
ing in 0.4 division or less trace 
shift at 5 mV/DIV. 


Step Attenuator Balance 
(all deflection factors) 


One division or less trace shift 
when CH 1 or CH 2 VOLTS/DIV 
switch is changed to adjacent de- 
flection factor setting. 


Channel Isolation 


100:1 or greater at 50 megahertz. 


Attenuator Isolation 


10,000:1 or greater at 50 mega- 
hertz. 



TABLE 1-1 A 

Minimum Bandwidth and Maximum Risetime 
(0° C to +40° C) 



Deflection Factor 


With P6047 Probe 
or 25-ohm source 


With P6045 Probe 


With P6048 Probe 


20 mV/DIV to 10 
VOLTS/DIV 


150 megahertz 
2.4 nanoseconds 


130 megahertz 
2.7 nanoseconds 


100 megahertz 
3.5 nanoseconds 


10 mV/DIV 


100 megahertz 
3.5 nanoseconds 


95 megahertz 
3.7 nanoseconds 


75 megahertz 
4.7 nanoseconds 


5 mV/DIV 


60 megahertz 
5.9 nanoseconds 


58 megahertz 
6 nanoseconds 


45 megahertz 
7.8 nanoseconds 


1 mV/DIV (Channels 1 
and 2 cascaded) 1 


33 megahertz 
1 1 nanoseconds 


30 megahertz 
12 nanoseconds 


30 megahertz 
12 nanoseconds 



'Signal connected to INPUT CH 1, CH 1 OUT connected to INPUT CH 2 with a 50-ohm 18-inch RG- 
58A/U BNC cable, CH 1 and CH 2 VOLTS/DIV switches set to 5 mV, MODE switch set to CH 2 and 
TRIGGER switch set to NORM. 
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Characteristic 


Performance 


Choped Mode 
Repetition rate 


One megahertz ±20%. 


Time segment 
each channel 


from 


0.25 nanoseconds or less. 


Polarity Inversion (se- 
lected by CH 2 INVERT 
switch) 


Displayed signal from Channel 2 
can be inverted. 


Delay line 


Permits viewing of leading edge 
of triggering signal (internal trig- 
gering only). 



TRIGGERING (A AND B SWEEP) 



Trigger Source (selected 
by front-panel SOURCE 
switch) 


Internal from displayed channel(s) 
or from Channel 1 only (as selected 
by front-panel TRIGGER switch). 
Internal from AC power source. 
External from signal applied to 
EXT TRIG INPUT connector. 
External from signal applied to 
EXT TRIG INPUT connector with 
10 times attenuation. 


Trigger Coupling (se- 
lected by front-panel 
COUPLING switch) 


AC (capacitive) coupled. 

AC (capacitive) coupled with at- 
tenuation of low-frequency signals. 
AC (capacitive) coupled with at- 
tenuation of high-frequency sig- 
nals. 

DC (direct) coupled. 


Trigger Polarity (select- 
ed by front-panel SLOPE 
switch) 


Sweep can be triggered from the 
positive-going or negative-going 
portion of trigger signal. 


Trigger Level 


LEVEL control allows selection of 
the triggering point on the selected 
slope of the trigger signal. 


Trigger Sensitivity 
Internal 


See Fig. 1-2. 


External 


See Fig. 1-3. 


Auto Triggering 
(A sweep only) 


Stable display presented with sig- 
nal amplitudes within limits given 
in Figs. 1-2 and 1-3 above about 
20 hertz with correct adjustment of 
the A LEVEL control. Free-running 
display for lower frequencies or in 
absence of an adequate trigger 
signal. 


Single Sweep 
(A sweep only) 


Trigger sensitivity same as defined 
in Figs. 1-2 and 1-3. A Sweep Gen- 
erator produces only one sweep 
when triggered; further sweeps are 
locked out until RESET button is 
pressed. 


Trigger Jitter 


One nanosecond or less at 150 
megahertz. 


External Trigger Input 
RC characteristics 
SN B010100 to 
SN B219999 


One megohm ±10% paralleled 
by 20 picofarads ±5 pF in all A 
and B COUPLING switch positions 
except LF REJ. Fig. 1-4 shows the 
equivalent input circuit in the LF 
REJ positions. 




Characteristic 


Performance 


Above SN B220000 


One megohm ±10% paralleled 
by 27 picofarads ±5 pF in all A 
and B COUPLING switch positions 
except LF REJ. Fig. 1-4 shows the 
equivalent input circuit in the LF 
REJ positions. 


Maximum input 
voltage 


500 volts DC + peak AC. Peak- 
to-peak AC less than 500 volts (one 
kilohertz or less). 


LEVEL control range 
EXT 


Greater than + and — two volts. 


EXT -7- 10 


Greater than + and — 20 volts. 


TIME BASE 


(A and B SWEEPS) 


Sweep Rate 

Calibrated range, 
MAG switch set to 
OFF 

A sweep 


Five seconds to 0.05 microsecond/ 
division in 25 steps. Steps in 1-2-5 
sequence. 


B sweep 


50 milliseconds to 0.05 micro- 
second/division in 22 steps. Steps 
in 1-2-5 sequence. 


Calibrated range, 
MAG switch set to 
X10 
A sweep 


0.5 second to five nanoseconds/ 
division in 25 steps. Steps in 1-2-5 
sequence. 


B sweep 


50 milliseconds to five nano- 
seconds/division in 22 steps. Steps 
in 1-2-5 sequence. 


Uncalibrated 
(variable) range 


Continuously variable between 
calibrated sweep rate settings. Ex- 
tends slowest uncalibrated sweep 
rate to at least 12.5 seconds/divi- 
sion for A sweep or at least 1 .25 
seconds/division for B sweep. 


Sweep Accuracy (A 
VARIABLE and B TIME/ 
DIV VARIABLE controls 
set to CAL) 

Sweep Length 
A sweep 


See Table MB. 

Variable from four divisions or 
less to 11.0 divisions ±0.5 divi- 
sion. 
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Fig. 1-2. Internal trigger toniltivity specification limit curve. 
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Fig. 1-3. External trigger sensitivity specification limit curve. 
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TABLE 1-1 B 
Sweep Accuracy 



A and B TIME/DIV 


0° C to 


+ 40° C 


-15° C to +55° C 


switch setting 


Unmagnified 


Magnified- 


Unmagnified 


Magnified 


Over center eight divisions 
5 s to 1 s/DIV (A sweep only) 






Within 5% 


Within 6% 


0.5 s to 0.1 yis/DIV 


Within 3% 


Within 4% 


Within 4% 


Within 5% 


0.05 /jls/DIV 






Within 4% 


Within 6% 


Over any two division portion 
within center eight divisions 
(all sweep rates) 


Within 5% 


Within 5% 


Within 5% 


Within 10% 



-Exclude following portions of total magnified sweep length (equivalent magnified sweep rates given) : 
20 nanoseconds/division, first 3.5 and last 1.5 divisions; 10 nanoseconds/division, first seven and 
last four divisions; five nanoseconds/division, first 14 and last seven divisions. 



Characteristic 


Performance 


B sweep 


11.0 divisions ±0.5 division. 


Sweep Holdoff Time (A 
sweep only) 

5 s to 0.1 ms/DIV 


One times or less the A TIME/ 
DIV switch setting. 


50 /is to 1 /.is/ DIV 


Two times or less the A TIME/DIV 
switch setting with HF STAB con- 
trol set fully counterclockwise. 


0.5 /is to 0.05 /is/DIV 


Two microseconds or less with HF 
STAB control set fully counterclock- 
wise. 



DELAYED SWEEP 



Delay Time 

Calibrated range (A 
VARIABLE control set 
to CAL) 


Continuously variable from 50 sec- 
onds to one microsecond. Delay 
time detrmined by A TIME/DIV 
switch setting multiplied by DE- 
LAY-TIME MULTIPLIER dial setting. 


Accuracy 


0°C to +40° 


C 

— 15°C to + 55°C 


5 s to 0.1 s/DIV 


Within 2.5%. 


Within 3.5%. 


50 ms to 1 /as /DIV 


Within 1.5%. 


Within 2%. 


Incremental multiplier 
lineraity 


Within 0.2%. 


Within 0.3%. 


Jitter 


One part or less in 20,000 of the 
maximum available delay time 
(10 times the A TIME/DIV switch 
setting). 


DELAY-TIME MULTIPLE 


0.1 to 10.1 times the A TIME/DIV 


ER Dial Range 


switch setting. 





X-Y OPERATION 



Deflection Factor 
Calibrated range 


Five millivolts to 10 volts/division 
in 11 steps. Steps in 1-2-5 se- 
quence. CH 1 VARIABLE and 
horizontal POSITION controls in- 
operative in X-Y position of 
HORIZ DISPLAY switch. 


Accuracy 


Within 3%. 



Characteristic 


Performance 


X Bandwidth at Upper 
— 3 dB-Point, AC (ca- 
pacitive) and DC (direct) 
coupled, with Four-Divi- 
sion Reference 


Two megahertz or greater. 


Phase shift between X 
and Y Amplifiers 


3° or less from DC to two mega- 
hertz with MAG switch set to OFF. 


X and Y Input Charac- 
istics 

Maximum input volt- 
age 

Input RC chacteris- 
tics 

Input coupling 


See Vertical Deflection System 
characteristics. 



CALIBRATOR 



Waveshape 


Square wave. 


Polarity 


Positive going with baseline at 
zero volts. 


Output Voltage 


One volt peak to peak. 


Output Current 
Repetition Rate 


Five milliamperes through CUR- 
RENT PROBE CAL loop on side 
panel. 

One kilohertz 


Accuracy 

Voltage 


0°C to +40° 


c 

— 15°C to +55°C 


Within 1 %. 


Within 1.5%. 


Current 


Within 1%. 


Within 1.5%. 


Repetition rate 


Within 0.5%. 


Within 1%. 


Risetime 


One microsecond or less. 


Duty Cycle 


49% to 51%. 


Output Resistance 


250 ohms ±1%. 


Z AXIS INPUT 



Sensitivity 


Five volt peak-to-peak signal pro- 
duces noticeable modulation at 




normal intensity. 


Polarity of Operation 


Positive-going signal decreases 
trace intensity; negative-going sig- 
nal increases trace intensity. 


Usable Frequency Range 


DC to 50 megahertz. 
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Characteristic 


Performance 


Maximum Input Voltage 


200 volts, DC + peak AC. Peak- 
to-peak AC must not exceed 200 
volts (one kilohertz or less). 



SIGNAL OUTPUTS 



A Sweep 
Waveshape 


Sawtooth. 


Polarity 


Positive going with baseline near 
zero volts. 


Output voltage 


10 volts peak to peak. 


Voltage accuracy 


Within 10%. 


Duration 


Same as A sweep (variable with 
the A SWEEP LENGTH control). 


A and B Gates 
Waveshape 


Rectangular. 


Polarity 


Positive going with baseline at 
about —0.6 volt. 


Output voltage 


12.6 volts peak to peak. 


Voltage accuracy 


Within 10%. 


Duration 


Same duration as respective 
sweep. 


Vertical Signal Out 
(CH t only) 

Output voltage 


25 millivolts or greater for each 
division of CRT display (into one- 
megohm load). 


Bandwidth at upper 
—3 dB point, AC (ca- 
pacitive) or DC (di- 
rect) coupled 


33 megahertz or greater. 



POWER SUPPLY 



Line Voltage Range 
(AC, RMS) 

115-volts nominal 


Line voltage and range selected by 
Line Voltage Selector assembly on 
rear panel. 

90 to 110 volts. 

104 to 126 volts. 

112 to 136 volts. 


230-volts nominal 


180 to 220 volts. 
208 to 252 volts. 
224 to 272 volts. 


Line Frequency 


48 to 440 hertz. 


Maximum Power 
Consumption 

Line Selector switch 
set to LO, 90 volts 
applied 


48 hertz 60 hertz 440 hertz 


115 watts 
1.5 A 


110 watts 

1 .4 A 


100 watts 
1.3 A 


Line Selector switch 
set to M, 115 volts 
applied 


130 watts 
1.4 A 


125 watts 
1.3 A 


1 1 5 watts 
1.2 A 


Line Selector switch 
set to HI, 136 volts 
applied 


145 watts 
1.3 A 


140 watts 
1.2 A 


130 watts 
1.2 A 



CATHODE-RAY TUBE (CRT) 



Graticule 




Type 


Internal with variable edge light- 
ing. 



Characteristic 


Performance 


Area 


Six divisions vertical by 10 divi- 
sions horizontal. Each division 
equals 0.8 centimeter. 


Resolution 

Horizontal 


15 lines or greater in one division. 


Vertical 


15 lines or greater in one division. 


Geometry 


0.1 division or less total. 


Beam Finder 


Limits display within graticule 
area when pressed. 


Photographic Writing 
Speed (without film fog- 
ging techniques) 
Tektronix C31 Camera 
with f 1 .2 lens and 
1 :0.5 object-to-image 
ratio 

P31 CRT phosphor 


At least 1600 divisions/microsec- 
ond (1280 centimeters/microsec- 
ond) with Polaroid 3 Type 410 film 
(10,000 ASA). 


Pll CRT phosphor 


At least 3200 divisions/microsec- 
ond (2560 centimeters/microsec- 
ond) with Polaroid Type 410 film 
(10,000 ASA). 


Tektronix C30A Cam- 
era with fl.9 lens and 
1:0.7 object-to-image 
ratio 

P31 CRT phosphor 


At least 182 divisions/microsecond 
(146 centimeters/microsecond) with 
Polaroid Type 107 film (3000 ASA). 


Tektronix C40 Camera 
with fl.3 lens and 
1 :0.5 object-to-image 
ratio 

P31 CRT phosphor 


At least 1250 divisions/microsec- 
ond (1000 centimeters/microsec- 
ond) with Polaroid Type 410 film 
(10,000 ASA). 


PI 1 CRT phosphor 


At least 2500 divisions/microsec- 
ond (2000 centimeters/microsec- 
ond) with Polaroid Type 410 film 
(10,000 ASA). 



TABLE 1-2 



ENVIRONMENTAL 


Characteristic 


Performance 


NOTE 

This instrument will meet the electrical character- 
istics given in Table 1-1 over the following envi- 
ronmental limits. Complete details on environ- 
mental test’ procedures, including failure criteria, 
etc., can be obtained from Tektronix, Inc. Contact 
your local Tektronix Field Office or representa- 
tive. 


Temperature 

Operating 


— 15°C to +55°C. 


Non-operating 


— 55°C to +75°C. 


^Registered trademark of the Polaroid Corporation. 
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Characteristic 


Performance 


Altitude 

Operating 


15,000 feet maximum. Maximum 
operating temperature decreases 
1 °C/1000 feet increase in altitude 
between 5000 and 1 5,000 feet. 


Non-operating 


Test limit 50,000 feet. 


Humidity 

Non-operating 


Five cycles (120 hours) of Mil-Std- 
202C, Method 106B. Omit freez- 
ing and vibration. Allow a 24 
hour post-test drying period at 
+25°C ±5°C and 20% to 80% 
relative humidity. 


Vibration 

Operating and non- 
operating 


15 minutes along each of the three 
major axes at a total displacement 
of 0.025 inch peak to peak (4g 
at 55 c/s) with frequency varied 
from 10-55-10 c/s in one minute 
cycles. Hold at 55 c/s for three 
minutes on each axis. 


Shock 

Operating and non- 
operating 


Two guillotine-type shocks of 30 g, 
one-half sine, 11-millisecond dura- 
tion each direction along each 
major axis. Total of 12 shocks. 


Electromagnetic Interfer- 
ence (EMI) as Tested in 
Mil-l-6181 D and Mil-I- 
16910C, Mod 163D only 
Radiated interference 


Interference radiated from the in- 
strument under test within the giv- 
en limits from 14 kilohertz to 1000 
megahertz (with mesh CRT filter 
installed). 


Conducted 

interference 


Interference conducted out of the 
instrument under test through the 
power cord within the given limits 
from 150 kilohertz to 30 mega- 
hertz. 


Transportation 

Packaged instrument 


Qualifies under National Safe 
Transit Committee test procedure 
1A. 



TABLE 1-3 
PHYSICAL 



Characteristics 


Performance 


Ventilation 


Safe operating temperature is 
maintained by forced-air cooling. 
Automatic resetting thermal cutout 
protects instrument from overheat- 
ing. 


Warm-up Time 


20 minutes for rated accuracy. 


Finish 
Type 454 


Anodized front panel. Blue vinyl- 
coated aluminum cabinet. 


Type R454 


Anodized front panel. Anodized 
aluminum cabinet. 


Overall Dimensions 
(measured at maximum 
points) 

Type 454 
Height 


7V 4 inches (18.4 centimeters). 


Width 


12V 2 inches (30.8 centimeters). 


Depth (including 
front cover) 


20% inches (52 centimeters). 


Depth (handle posi- 
tioned for carrying) 


22 3 / 8 inches (56.8 centimeters). 


Type R454 
Height 


7 inches (17.8 centimeters). 


Width 


19 inches (48.3 centimeters). 


Depth (behind front 
panel) 


1 7 3 A inches (45 centimeters). 


Depth (total) 


1 9 9 /i 6 inches (48.7 centimeters). 


Weight 
Type 454 

Without front cover 


Approximately 29 '/, pounds (12.7 
kilograms). 


With front cover 
and accessories 


Approximately 31 y 4 pounds (13.6 
kilograms). 


Type R454 


Approximately 33 '/ 2 pounds (14.5 
kilograms). 



STANDARD ACCESSORIES 



Standard accessories supplied with the Type 454 and R454 
are listed on the last pullout page of the Mechanical Parts 
List illustrations. For optional accessories available for use 
with this instrument, see the Tektronix, Inc. catalog. 
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SECTION 2 



Type 454/R454 



OPERATING INSTRUCTIONS 



General 

To effectively use the Type 454, the operation and capa- 
bilities of the instrument must be known. This section de- 
scribes the operation of the front-, side- and rear-panel con- 
trols and connectors, gives first time and general operating 
information and lists some basic applications for this in- 
strument. 

Front Cover and Handle 

The front cover furnished with the Type 454 provides a 
dust-tight seal around the front panel. Use the cover to pro- 
tect the front panel when storing or transporting the instru- 
ment. The cover also provides storage space for probes and 
other accessories (see Fig. 2-1). 




Fig. 2-1. Accessory storage provided In front cover. 

The handle of the Type 454 can be positioned for carrying 
or as a tilt-stand for the instrument. To position the handle, 
press in at both pivot points (see Fig. 2-2) and turn the handle 
to the desired position. Fourteen positions are provided for 
convenient carrying or viewing. The instrument may also be 
set on the rear feet either for operation or storage. 

Operating Voltage 

The Type 454 can be operated from either a 115-volt or 
a 230-volt nominal line voltage source. The Line Voltage 




Press in here on both 
sides of the instrument 
to position handle 



Fig. 2-2. Handle positioned to provide a stand for the instrument. 

Selector assembly on the rear panel converts the instrument 
from one operating range to the other. In addition, this 
assembly changes the primary connections of the power trans- 
former to allow selection of one of three regulating ranges. 
The assembly also includes the two line fuses. When the 
instrument is converted from 115-volt to 230-volt nominal 
operation or vice versa, the assembly connects or disconnects 
one of the fuses to provide the correct protection for the 
instrument. Use the following procedure to convert this instru- 
ment between nominal line voltages or regulating ranges. 

1. Disconnect the instrument from the power source. 

2. Loosen the two captive screws which hold the cover 
onto the voltage selector assembly,- then pull to remove the 
cover. 

3. To convert from 115-volts nominal to 230-volts nominal 
line voltage or vice versa, pull out the Voltage Selector switch 
bar (see Fig. 2-3); turn it 180° and plug it back into the re- 
maining holes. Change the line-cord power plug to match the 
power-source receptacle or use a 115- to 230-volt adapter. 

4. To change regulating ranges, pull out the Range Sel- 
ector switch bar (see Fig. 2-3); slide it to the desired position 
and plug it back in. Select a range which is centered about 
the average line voltage to which the instrument is to be con- 
nected (see Table 2-1). 

5. Re-install the cover and tighten the two captive screws. 

6. Before applying power to the instrument, check that the 
indicating tabs on the switch bars are protruding through the 
correct holes for the desired nominal line voltage and reg- 
ulating range. 



® 



2-1 





Operating Instructions — Type 454/R454 




Fig. 2-3. Lin* Voltag* Selector atumbly on Iho roar panol (shown 
with covor romovod). 

CAUTION 

The Type 454 should not be operated with the Vol- 
tage Selector or Range Selector switches in the 
wrong position for the line voltage applied. Oper- 
ation of the instrument with the switches in the 
wrong positions will either provide incorrect oper- 
ation or damage the instrument. 

TABLE 2-1 



Regulating Ranges 





Regulating Range 


Range Selector 
Switch Position 


115 Volts 
Nominal 


230 Volts 
Nominal 


LO (switch bar in 
left holes) 


90 to 110 volts 


180 to 220 volts 


M (switch bar in 
middle holes) 


104 to 126 volts 


208 to 252 volts 


HI (switch bar in 
right holes) 


112 to 136 volts 


224 to 272 volts 



Operating Temperature 

The Type 454 is cooled by air drawn in at the rear and 
blown out through holes in the top and bottom covers. 
Adequate clearance on the top, bottom and rear must be 
provided to allow heat to be dissipated away from the in- 
strument. The clearance provided by the feet at the bottom 
and rear should be maintained. If possible, allow about one 
inch clearance on the top. Do not block or restrict the air 
flow from the air escape holes in the cabinet. 

A thermal cutout in this instrument provides thermal pro- 
tection and disconnects the power to the instrument if the 
internal temperature exceeds a safe operating level. Oper- 
ation of the instrument for extended periods without the covers 



may cause it to overheat and the thermal cutout to open 
more frequently. The air filter should be cleaned occasionally 
to allow the maximum amount of cooling air to enter the in- 
strument. Cleaning instructions are given in Section 4. 

The Type 454 can be operated where the ambient air temp- 
erature is between —15* C and +55* C. The maximum 
operating temperature must be derated 1 * C for each ad- 
ditional 1000 feet of altitude above 5000 feet. This instrument 
can be stored in ambient temperatures between —35* C and 
+75* C. After storage at temperatures beyond the operating 
limits, allow the chassis temperature to come within the oper- 
ating limits before power is applied. 



Rackmounting 

Complete information for mounting the Type R454 in a 
cabinet rack is given in Section 10 of this manual. 



CONTROLS AND CONNECTORS 

A brief description of the function and operation of the 
front-, side- and rear-panel controls and connectors follows. 
Fig. 2-4 shows the front, side and rear panels of this instru- 
ment. More detailed information is given in this section un- 
der General Operating Information. 



Cathode-Ray Tube 



INTENSITY 


Controls brightness of display. 


FOCUS 


Provides adjustment for optimum display 
definition. 


SCALE ILLUM 


Controls graticule illumination. 


BW - BEAM 


Three position switch which provides band- 


FINDER 


width limiting and beam location. 

5 MHz: Vertical Amplifier bandwidth limit- 
ed to provide a reduction in displayed 
noise or interference. 

FULL: Normal operation with full Vertical 
Amplifier bandwidth capabilities. 

BEAM FINDER: Compresses display within 
graticule area, independently of display 
position or applied signals. 


Vertical (both 


channels except as noted) 


VOLTS/DIV 


Selects vertical deflection factor in 1-2-5 
sequence (VARIABLE control must be in CAL 
position for indicated deflection factor). 


VARIABLE 


Provides continuously variable uncalibrated 
deflection factors between the calibrated 
settings of the VOLTS/DIV switch. 


UNCAL 


Light indicates that the VARIABLE control 
is not in the CAL position. 


STEP ATTEN BAL Screwdriver adjustment to balance Input 
Amplifier in the 5, 10 and 20 mV posi- 
tions of the VOLTS/DIV switch. 


POSITION 


Controls vertical position of trace. In X-Y 
mode of operation, CH 1 control positions 



2-2 





Operating Instructions — Type 454/R454 



GAIN 



Input Coupling 
(AC GND DC) 



PROBE POWER 

INPUT CH 1 
OR X 

INPUT CH 2 
OR Y 



MODE 



TRIGGER 



in the X-axis (horizontally) and CH 2 con- INVERT Inverts the Channel 2 display when pulled 

trol positions in the Y-axis (vertically). (CH 2 only) out. 



Screwdriver adjustment to set gain of the 
Vertical Preamp. 

Selects method of coupling input signal 
to grid of Input Amplifier. 

AC: DC component of input signal is 
blocked. Low frequency limit (—3 dB 
point) is about 10 hertz. 

GND: Input circuit is grounded (does not 
ground applied signal). 

DC: All components of the input signal 
are passed to the Input Amplifier. 

Power source for active probe systems. 

Input connector for CH 1 deflection signals 
or X-axis deflection in the X-Y mode of 
operation. 

Input connector for CH 2 deflection sig- 
nals or Y-axis deflection in the X-Y mode 
of operation. 

Selects vertical mode of operation. 

CH 1: The signal connected to the INPUT 
CH 1 connector is displayed. 

CH 2: The signal connected to the INPUT 
CH 2 connector is displayed. 

ALT: Dual-trace display of signals on both 
channels. Display switched at end of 
each sweep. 

CHOP: Dual-trace display of signals on 
both channels. Display switched between 
channels at a repetition rate of about 
one megahertz. 

ADD: Signals applied to the INPUT CH 1 
and INPUT CH 2 connectors are alge- 
braically added and the algebraic sum 
is displayed on the CRT. The INVERT 
switch in Channel 2 allows the display 
to be CH 1 + CH 2 or CH 1 - CH 2. 

Selects source of internal triggering signal 
from vertical system. Also selects the 
source of the X signal for X-Y mode oper- 
ation. 

NORM: Sweep circuits triggered from dis- 
played channel(s). Channel 1 signal 
available at CH 1 OUT connector. 

CH 1 ONLY OR X-Y: Sweep circuits trig- 
gered only from signal applied to the 
INPUT CH 1 connector. No signal avail- 
able at CH 1 OUT connector. CH 1 
lights, located beside A and B SOURCE 
switches, indicate that the TRIGGER 
switch is in the CH 1 ONLY OR X-Y posi- 
tion. For X-Y mode operation, Channel 1 
signal is connected to the Horizontal 
Amplifier. 



A and B Triggering (both where applicable) 

LEVEL Selects amplitude point on trigger signal 

at which sweep is triggered. 

HF STAB (A Trig- Decreases display jitter for trigger signals 

gering Only) above about 40 megahertz. Has negligible 
effect at lower repetition rates. 

SLOPE Selects slope of trigger signal which starts 

the sweep. 

+: Sweep can be triggered from positive- 
going portion of trigger signal. 

— : Sweep can be triggered from nega- 
tive-going portion of trigger signal. 

COUPLING Determines method of coupling trigger 
signal to trigger circuit. 

AC: Rejects DC and attenuates signals 
below about 30 hertz. Accepts signals 
between about 30 hertz and 150 mega- 
hertz. 

LF REJ: Rejects DC and attenuates signals 
below about 50 kilohertz. Accepts sig- 
nals between about 50 kilohertz and 
150 megahertz. 

HF REJ: Accepts signals between about 
30 hertz and 50 kilohertz; rejects DC 
and attenuates signals outside the above 
range. 

DC: Accepts all trigger signals from DC 
to 150 megahertz or greater. 

SOURCE Selects source of trigger signal. 

INT: Internal trigger signal obtained from 
Vertical Deflection System. When CH 1 
light is on, trigger signal is obtained 
only from the Channel 1 input signal; 
when the light is off, the trigger signal 
is obtained from the displayed chan- 
nel(s). Source of internal trigger signal 
is selected by the TRIGGER switch. 

LINE: Trigger signal obtained from a sam- 
ple of the line voltage applied to this 
instrument. 

EXT: Trigger signal obtained from an ex- 
ternal signal applied to the EXT TRIG 
INPUT connector. 

EXT -f- 10: Attenuates external trigger sig- 
nals 10 times. 

CH 1 Light indicates that the internal trigger 

signal is obtained only from the signal 
connected to the INPUT CH 1 connector 
(see TRIGGER switch). 

EXT TRIG INPUT Input connector for external trigger sig- 
nal. 
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B. Side panel 



C. Rear panel 



Fig. 2-4. Front-, side- and rear-panel controls and connectors. 
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A and B Sweep 

DELAY-TIME Provides variable sweep delay between 

MULTIPLIER 0.10 and 10.10 times the delay time in- 
dicated by the A TIME/DIV switch. 

A SWEEP TRIG'D Light indicates that A sweep is triggered 
and will produce a stable display with 
correct INTENSITY and POSITION con- 
trol settings. 

UNCAL A OR Light indicates that either the A or B VARI- 

B ABLE control is not in the CAL position. 



X-Y. Signal applied to the INPUT CH 
1 OR X connector provides the X-axis 
deflection and the signal applied to 
the INPUT CH 2 OR Y connector pro- 
vides the Y-axis deflection. 

MAG Increases sweep rate to ten times setting 

of the A or B TIME/DIV switch by hori- 
zontally expanding the center division of 
the display. Light indicates when mag- 
nifier is on (magnifier inoperative in X-Y 
mode). 



A AND B TIME/ A TIME/DIV switch (clear plastic inner 
DIV AND flange) selects the sweep rate of the A 

DELAY TIME sweep circuit for A sweep only operation 

and selects the basic delay time (to be 
multiplied by DELAY-TIME MULTIPLIER 
dial setting) for delayed sweep opera- 
tion. B TIME/DIV (DELAYED SWEEP) 
switch selects sweep rate of the B sweep 
circuit for delayed sweep operation only. 
VARIABLE controls must be in the CAL 
positions for calibrated sweep rates. 



A VARIABLE Provides continuously variable A sweep 
rate between the calibrated settings se- 
lected by the A TIME/DIV switch. A 
sweep rate is calibrated when control is 
set fully clockwise to CAL. 



A SWEEP 
MODE 



Determines the operating mode for A 
sweep. 

AUTO TRIG: Sweep initiated by the ap- 

plied trigger signal using the A Trig- 
gering controls when the trigger signal 
repetition rate is above about 20 hertz. 
For lower repetition rates or when there 
is no trigger signal, the sweep free runs 
at the sweep rate selected by the A 
TIME/DIV switch to produce a bright 
reference trace. 

NORM TRIG: Sweep initiated by the ap- 
plied trigger signal using the A Trigger- 
ing controls. No trace when there is no 
trigger signal. 



B SWEEP MODE Selects B sweep operation mode. 

TRIGGERABLE AFTER DELAY TIME: B 

sweep circuit will not produce a sweep 
until a trigger pulse is received follow- 
ing the delay time selected by the DE- 
LAY TIME (A TIME/DIV) switch and the 
DELAY-TIME MULTIPLIER dial. 

B STARTS AFTER DELAY TIME: B sweep 
circuit runs immediately following delay 
time selected by the DELAY TIME switch 
and DELAY-TIME MULTIPLIER dial. 

HORIZ DISPLAY Selects horizontal mode of operation. 

A: Horizontal deflection provided by A 
sweep. B sweep inoperative. 

A INTEN DURING B: Sweep rate deter- 
mined by A TIME/DIV switch. An inten- 
sified portion appears on the display 
during the B sweep time. This switch 
position provides a check of the dura- 
tion and position of B sweep (delayed 
sweep) with respect to the delaying 
sweep (A). 

B (DELAYED SWEEP): Sweep rate deter- 
mined by B TIME/DIV switch with the 
delay time determined by the setting of 
the DELAY TIME (A TIME/DIV) switch 
and the DELAY-TIME MULTIPLIER dial. 
Sweep mode determined by B SWEEP 
MODE switch. 

X-Y: Permits X-Y operation when the TRIG- 
GER switch is set to CH 1 ONLY OR 



SINGLE SWEEP: After a sweep is dis- 
played, further sweeps cannot be pre- 
sented until the RESET button is pressed. 
Display is triggered as for NORM oper- 
ation using the A Triggering controls. 

RESET When the RESET button is pressed (SINGLE 

SWEEP mode), a single display will be 
presented (with correct triggering). After 
the sweep is completed, the RESET button 
must be pressed again before another 
sweep can be displayed. 



A SWEEP Adjusts length of A sweep. In the FULL 

LENGTH position (clockwise detent), the sweep is 

about 1 1 divisions long. As this control 
is rotated counterclockwise, the length of 
A sweep is reduced until it is less than 
four divisions long just before the detent 
in the fully-counterclockwise position is 
reached. In the B ENDS A position (coun- 
terclockwise detent), the A sweep is reset 
at the end of the B sweep to provide the 
fastest possible sweep repetition rate for 
delayed sweep signals. 

POSITION Controls horizontal position of trace. 

FINE Provides more precise horizontal position 

adjustment. 



1 V CAL 1 kHz Calibrator output connector. 

POWER ON Light: Indicates that POWER switch is on 
and the instrument is connected to a 
line-voltage source. 



Switch: Controls power to the instrument. 
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Side Panel 

B TIME/DIV 
VARIABLE 



TRACE 

ROTATION 

CURRENT PROBE 
CAL 



CH 1 OUT 



B + GATE 
A + GATE 
A SWEEP 

X-GAIN (X-Y) 
ASTIG 



Rear Panel 

Z AXIS INPUT 

Line Voltage 
Selector 



Provides continously variable B sweep rate 
between the calibrated settings selected by 
the B TIME/DIV switch. B sweep rate is 
calibrated when control is set fully clock- 
wise to CAL. 

Screwdriver adjustment to align trace with 
horizontal graticule lines. 

Current loop providing five-milliampere 
square-wave current from calibrator cir- 
cuit. 

Output connector providing a sample of 
the signal applied to the INPUT CH 1 con- 
nector when the TRIGGER switch is in the 
NORM position. 

Output connector providing a rectangular 
pulse coincident with B sweep. 

Output connector providing a rectangular 
pulse coincident with A Sweep. 

Output connector providing a sample of 
the sawtooth signal produced by the A 
Sweep Generator. 

Screwdriver adjustment to calibrate X-axis 
deflection in the X-Y mode. 

Screwdriver adjustment used in conjunction 
with the FOCUS control to obtain a well- 
defined display. Does not require read- 
justment in normal use. 



Input connector for intensity modulation 
of the CRT display. 

Switching assembly to select the nominal 
operating voltage and the line voltage 
range. The assembly also includes the line 
fuses. 

Voltage Selector: Selects nominal operating 
voltage range (115 V or 230 V). 

Range Selector: Selects line voltage range 
(low, medium, high). 



FIRST-TIME OPERATION 

The following steps will demonstrate the use of the con- 
trols and connectors of the Type 454. It is recommended 
that this procedure be followed completely for first-time 
familiarization with this instrument. 



Setup Information 

1. Set the controls as follows: 



CRT Controls 

INTENSITY 
FOCUS 
SCALE ILLUM 
BW-BEAM FINDER 



Counterclockwise 

Midrange 

Counterclockwise 

FULL- 



Vertical Controls (both channels if applicable) 



VOLTS/ DIV 

VARIABLE 

POSITION 

Input Coupling 
MODE 
TRIGGER 
INVERT 



LEVEL 

SLOPE 

COUPLING 

SOURCE 

Sweep Controls 

DELAY-TIME 
MULTIPLIER 
A and B TIME/DIV 
A VARIABLE 
A SWEEP MODE 
B SWEEP MODE 

HORIZ DISPLAY 
MAG 
POSITION 
A SWEEP LENGTH 
POWER 

Side-Panel Controls 



.2 

CAL 

Midrange 
DC 
CH 1 
NORM 
Pushed in 

B if applicable). All lever 

Clockwise (+) 

+ 

AC 

INT 



0.10 (fully counter- 
clockwise) 

.5 ms 

CAL (fully clockwise) 
AUTO TRIG 

B STARTS AFTER DELAY 
TIME 
A 

OFF 

Midrange 

FULL (fully clockwise) 
OFF 



CAL (fully clockwise) 



B TIME/DIV VARIABLE 

2. Connect the Type 454 to a power source that meets the 
voltage and frequency requirements of the instrument. If the 
available line voltage is outside the limits of the Line Voltage 
Selector switch position (on rear panel), see Operating Vol- 
tage in this section. 

3. Set the POWER switch to ON. Allow several minutes 
warm up so the instrument reaches a normal operating temp- 
erature before proceeding. 



Triggering Controls (both A and 
switches up. 



CRT Controls 

4. Advance the INTENSITY control until the trace is at the 
desired viewing level (near midrange). 

5. Connect the 1 V CAL 1 kHz connector to the INPUT CH 
1 connector with a BNC cable. 

6. Turn the A LEVEL control toward 0 until the display be- 
comes stable. Note that the A SWEEP TRIG'D light is on 
when the display is stable. 

7. Adjust the FOCUS control for a sharp, well-defined 
display over the entire trace length. (If focused display can- 
not be obtained, see Astigmastism Adjustment in this sec- 
tion.) 

8. Disconnect the input signal and move the trace with the 
CH 1 POSITION control so it coincides with the center horiz- 
ontal line of the graticule. 
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9. If the trace is not parallel with the center horizontal 
line, see Trace Alignment Adjustment in this section. 

10. Rotate the SCALE ILLUM control throughout its range 
and notice that the graticule lines are illuminated as the con- 
trol is turned clockwise (most obvious with mesh or smoke- 
gray filter installed). Set control so graticule lines are il- 
luminated as desired. 

Vertical Controls 

11. Change the CH 1 VOLTS/DIV switch from 20 mV to 
5 mV. If the vertical position of the trace shifts, see Step 
Attenuator Balance in this section. 

12. Set the CH 1 VOLTS/DIV switch to .2 and the CH 1 In- 
put Coupling switch to AC. 

13. Connect the 1 V CAL 1 kHz connector to both the IN- 
PUT CH 1 and CH 2 connectors with two BNC cables and a 
BNC T connector. 

NOTE 

If the BNC cables and BNC T connector are not 
available, make the following changes in the pro- 
cedure. Place the BNC jack post (supplied acces- 
ory) on the 1 V CAL 1 kHz connector and connect 
the two 10X probes (supplied accessories) to the 
INPUT CH 1 and CH 2 connectors. Connect the 
probe tips to the BNC jack post. Set the CH 1 and 
CH 2 VOLTS/DIV switches to deflection factors 
that are 1/1 Oth of those given. 

14. Turn the CH 1 POSITION control to center the display. 
The display is a square wave, five divisions in amplitude 
with about five cycles displayed on the screen. If the dis- 
play is not five divisions in amplitude, see Vertical Gain Ad- 
justment in this section. 

15. Set the CH 1 Input Coupling switch to GND and posi- 
tion the trace to the center horizontal line. 

16. Set the CH 1 Input Coupling switch to DC. Note that 
the baseline of the waveform remains at the center horizontal 
line (ground reference). 

17. Set the CH 1 Input Coupling switch to AC. Note that 
the waveform is centered about the center horizontal line. 

18. Turn the CH 1 VARIABLE control throughout its range 
Note that the UNCAL light comes on when the VARIABLE 
control is moved from the CAL position (fully clockwise). The 
deflection should be reduced to about two divisions in the 
fully counterclockwise position. Return the CH 1 VARIABLE 
control to CAL. 

19. Set the MODE switch to CH 2. 

20. Set the CH 2 Input Coupling switch to GND and check 
the Channel 2 step attenuator balance as described in step 
11. Return the CH 2 Input Coupling switch to DC. 

21. Turn the CH 2 POSITION control to center the display. 
The display will be similar to the previous display for Chan- 
nel 1. Check the Channel 2 gain as described in step 14. The 
CH 2 Input Coupling switch and VARIABLE control operate 
as described in steps 15 through 18. 



22. Set both VOLTS/DIV switches to .5. 

23. Set the MODE switch to ALT and position the Channel 

1 waveform to the top of the graticule area and the Channel 

2 waveform to the bottom of the graticule area. Turn the 
A TIME/DIV switch throughout its range. Note that the dis- 
play alternates between channels at all sweep rates. 

24. Set the MODE switch to CHOP and the A TIME/DIV 
switch to 2 jus. Note the switching between channels as 
shown by the segmented trace. Set the TRIGGER switch to 
CH 1 ONLY; the trace should appear more solid since it is 
no longer triggered on the between-channel switching transi- 
ents. Turn the A TIME/DIV switch throughout its range. A 
dual-trace display is presented at all sweep rates, but unlike 
ALT, both channels are displayed on each sweep on a time- 
sharing basis. Return the A TIME/DIV switch to .5 ms. 

25. Set the MODE switch to ADD. The display should be 
four divisions in amplitude. Note that either POSITION con- 
trol moves the display. 

26. Pull the INVERT switch to invert the Channel 2 signal 
The display is a straight line (if the Channel 1 and 2 gain 
is set correctly) indicating that the algebraic sum of the two 
signals is zero. Set either VOLTS/DIV switch to .2. The 
square-wave display indicates that the algebraic sum of the 
two signals is no longer zero. Return the MODE switch to 
CH 1 and both VOLTS/DIV switches to .2. Push in the INVERT 
switch. 

Triggering 

27. Rotate the A LEVEL control throughout its range. 
The display free runs at the extremes of rotation. Note that 
the A SWEEP TRIG'D light is on only when the display is 
triggered. 

28. Set the A SWEEP MODE switch to NORM TRIG. Again 
rotate the A LEVEL control throughout its range. A display 
is presented only when correctly triggered. The A SWEEP 
TRIG'D light operates as in AUTO TRIG. Return the A SWEEP 
MODE switch to AUTO TRIG. 

29. Set the A SLOPE switch to — . The trace starts on 
the negative part of the square wave. Return the switch to 
+ ; the trace starts with the positive part of the square wave. 

30. Set the A COUPLING switch to DC. Turn the CH 1 
POSITION control until the display becomes unstable (only 
part of square wave visible). Return the A COUPLING switch 
to AC; the display is again stable. Since changing trace 
position changes DC level, this shows how changes in the DC 
level affect DC trigger coupling. Return the display to the cen- 
ter of the screen. 

31. Set the MODE switch to CH 2; the display should be 
stable. Remove the signal connected to Channel 1; the dis- 
play free runs. Set the TRIGGER switch to NORM; the display 
is again stable. Note that the CH 1 lights in A and B Trig- 
gering go out when the TRIGGER switch is changed to NORM. 

32. Connect the Calibrator signal to both the INPUT CH 2 
connector and the A EXT TRIG INPUT connector. Set the A 
SOURCE switch to EXT. Operation of the LEVEL, SLOPE and 
COUPLING controls for external triggering are the same as 
described in steps 27 through 30. 
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33. Set the A SOURCE switch to EXT -f-10. Operation is 
the same as for EXT. Note that the A LEVEL control has less 
range in this position, indicating trigger signal attenuation. 
Return the A SOURCE switch to INT. 

34. Operation of the B Triggering controls is similar to A 
Triggering. 

Normal and Magnified Sweep 

35. Set the A TIME/DIV switch to 5 ms and the MAG switch 
to X10. The display should be similar to that obtained with 
the A TIME/DIV switch set to .5 ms and the MAG switch to 
OFF. 

36- Turn the Horizontal POSITION control throughout its 
range; the display should be positionable across the complete 
display area. Now turn the FINE control. The display moves 
a smaller amount and allows more precise positioning. Re- 
turn the A TIME/DIV switch to .5 ms, the MAG switch to OFF 
and return the start of the trace to the left graticule line. 

37. Turn the A VARIABLE control throughout its range. 
Note that the UNCAL A OR B light comes on when the A 
VARIABLE control is moved from the CAL position (fully clock- 
wise). The sweep rate is slower by about 2.5 times in the fully 
counterclockwise position as indicated by more cycles dis- 
played on the CRT. Return the A VARIABLE control to CAL. 

Delayed Sweep 

38. Pull the DELAYED SWEEP knob out and turn it to 50 /is 
(DELAY TIME remains at .5 ms). Set the HORIZ DISPLAY 
switch to A INTEN DURING B. An intensified portion, about 
one division in length, should be shown at the start of the 
trace. Rotate the DELAY-TIME MULTIPLIER dial throughout 
its range; the intensified portion should move along the 
display. 

39. Set the B SWEEP MODE switch to TRIGGERABLE AFTER 
DELAY TIME and set the B LEVEL control to midrange. Again 
rotate the DELAY-TIME MULTIPLIER dial throughout its range 
and note that the intensified portion appears to jump between 
positive slopes of the display. Set the B SLOPE switch to — ; 
the intensified portion begins on the negative slope. Rotate 
the B LEVEL control; the intensified portion of the display 
disappears when the B LEVEL control is out of the friggerable 
range. Return the B LEVEL control to 0. 

40. Set the HORIZ DISPLAY switch to B (DELAYED SWEEP). 
Rotate the DELAY-TIME MULTIPLIER dial throughout its range; 
about one-half cycle of the waveform should be displayed 
on the screen (leading edge visible only at high INTENSITY 
control setting). The display remains stable on the screen, in- 
dicating that the B sweep is triggered. 

41. Set the B SWEEP MODE switch to B STARTS AFTER DE- 
LAY TIME. Rotate the DELAY-TIME MULTIPLIER dial through- 
out its range; the display moves continuously across the 
screen as the control is rotated. 

42. Rotate the DELAY-TIME MULTIPLIER dial fully counter- 
clockwise and set the HORIZ DISPLAY switch to A INTEN 
DURING B. Rotate the A SWEEP LENGTH control counter- 
clockwise; the length of the display decreases. Set the con- 
trol to the B ENDS A position; now the display ends after 



the intensified portion. Rotate the DELAY-TIME MULTIPLIER 
dial and note that the sweep length increases as the display 
moves across the screen. Return the A SWEEP LENGTH con- 
trol to FULL and the HORIZ DISPLAY switch to A. 



Single Sweep 

43. Set the A SWEEP MODE switch to SINGLE SWEEP. 
Remove the Calibrator signal from the INPUT CH 2 con- 
nector. Press the RESET button; the RESET light should come 
on and remain on. Again apply the signal to the INPUT CH 
2 connector; a single trace should be presented and the RESET 
light should go out. Return the A SWEEP MODE switch to 
AUTO TRIG. 



X-Y 

44. Connect the Calibrator signal to the INPUT CH 1 and 
CH 2 connectors with two BNC cables and a BNC T connec- 
tor. Set the HORIZ DISPLAY switch to X-Y and the TRIGGER 
switch to CH 1 ONLY OR X-Y. 

45. Increase the INTENSITY control setting until two dots 
are displayed diagonally. The display can be positioned 
horizontally with the CH 1 POSITION control and ver- 
tically with the CH 2 POSITION control. The dots should be 
five divisions apart vertically and horizontally (if horizontal 
deflection is incorrect see X-Y Operation in this section). 

46. Change the CH 1 VOLTS/DIV switch to .5. The dis- 
play is reduced to two divisions horizontally. Now set the 
CH 2 VOLTS/DIV switch to .5. The display is reduced to two 
divisions vertically. 

Beam Finder 

47. Set the CH 1 and CH 2 VOLTS/DIV switches to 10 mV 
The display is not visible since it exceeds the scan area of the 
CRT. 

48. Press the BW-BEAM FINDER switch down. Note that 
the display is returned to the display area. While holding the 
BW-BEAM FINDER switch down, increase the vertical and 
horizontal deflection factor until the display is reduced to 
about three divisions vertically and horizontally. Adjust the 
CH 1 and CH 2 POSITION controls to center the display 
about the center lines of the graticule. Release the BW-BEAM 
FINDER switch and note that the display remains within the 
viewing area. Disconnect the applied signal. 

49. Reduce the INTENSITY control setting to normal, set 
the TRIGGER switch to NORM and set the HORIZ DISPLAY 
switch to A. 



Bandwidth Limiter 

50. Set the CH 2 VOLTS/DIV switch to 5 mV. Connect an 
unsheilded lead about four feet long to the INPUT CH 2 con- 
nector. Set the A TIME/DIV switch to .1 /is and note the high- 
frequency noise in the display (this demonstration is most ef- 
fective in localities with strong radiated interference above 
five megahertz such as TV broadcast radiation; if little in- 
terference is present, a 50 megahertz sine-wave signal applied 
to the INPUT CH 2 connector will produce a similar result). 
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51. Set the BW-BEAM FINDER switch to 5 MHz (up). Note 
that the high-frequency noise is eliminated from the dis- 
play. Return the BW-BEAM FINDER switch to FULL. 

Z-Axis Input 

52. If an external signal is available (five volts peak-to- 
peak minimum) the function of the Z AXIS INPUT circuit can 
be demonstrated. Connect the external signal to both the 
INPUT CH 2 connector and the Z AXIS INPUT binding posts. 
Set the TIME/DIV switch to display about five cycles of the 
waveform. The positive peaks of the waveform should be 
blanked and the negative peaks intensified, indicating in- 
tensity modulation. 

53. This completes the basic operating procedure for the 
Type 454. Instrument operations not explained here, or oper- 
ations which need further explanation are discussed under 
General Operating Information. 

CONTROL SETUP CHART 

Fig. 2-5 shows the front, side and rear panels of the Type 
454. This chart can be reproduced and used as a test-setup 
record for special measurements, applications or procedures, 
or it may be used as a training aid for familarization with 
this instrument. 

GENERAL OPERATING INFORMATION 
Intensity Control 

The setting of the INTENSITY control may affect the correct 
focus of the display. Slight readjustment of the FOCUS con- 
trol may be necessary when the intensity level is changed. 

To protect the CRT phosphor, do not turn the INTENSITY 
control higher than necessary to provide a satisfactory dis- 
play. The light filters reduce the observed light output from 
the CRT. When using these filters, avoid advancing the 
INTENSITY control to a setting that may burn the phosphor. 
When the highest intensity display is desired, remove the 
filters and use the clear faceplate protector. Also, be care- 
ful that the INTENSITY control is not set too high when 
changing the TIME/DIV switch from a fast to a slow sweep 
rate, or when changing the HORIZ DISPLAY switch from X-Y 
operation to the normal sweep mode. The Z Axis Ampli- 
fier incorporates a protection circuit which automatically 
reduces the display intensity to a lower level at the slower 
sweep rates. This reduces the danger of burning the CRT 
phosphor at these slower sweep rates. 

Astigmatism Adjustment 

If a well-defined trace cannot be obtained with the FOCUS 
control, adjust the ASTIG adjustment (side panel) as fol- 
lows. 

NOTE 

To check for proper setting of the ASTIG adjust- 
ment, slowly turn the FOCUS control through the 

optimum setting. If the ASTIG adjustment is cor- 
rectly set, the vertical and horizontal portions of 



the trace will come into sharpest focus at the same 
position of the FOCUS control. The setting of the 
ASTIG adjustment should be correct for any display. 
However, it may be necessary to reset the FOCUS 
control slightly when the INTENSITY control is 
changed. 

1. Connect the 1 V CAL 1 kHz connector to either chan- 
nel and set the VOLTS/DIV switch of that channel to pre- 
sent a two-division display. Set the MODE switch to dis- 
play the channel selected. 

2. Set the TIME/DIV switch to .2 ms. 

3. With the FOCUS control and ASTIG adjustment set 
to midrange, adjust the INTENSITY control so the rising por- 
tion of the display can be seen. 

4. Set the ASTIG adjustment so the horizontal and ver- 
tical portions of the display are equally focused, but not 
necessarily well focused. 

5. Set the FOCUS control so the vertical portion of the 
trace is as thin as possible. 

6. Repeat parts 4 and 5 for the best overall focus. Make 
the final check at normal intensity. 

Trace Alignment Adjustment 

If a free-running trace is not parallel to the horizontal 
graticule lines, set the TRACE ROTATION adjustment (side- 
panel) as follows. Position the trace to the center horizontal 
line. Adjust the TRACE ROTATION adjustment so the trace 
is parallel with the horizontal graticule lines. 

Light Filter 

The mesh filter provided with the Type 454 provides shield- 
ing against radiated EMI (electro-magnetic interference) 
from the face of the CRT. It also serves as a light filter to 
make the trace more visible under high ambient light con- 
ditions. To remove the filter, press down at the bottom of the 
frame and pull the top of the filter away from the CRT face- 
plate (see Fig. 2-6). 

The tinted light filter minimizes light reflections from the 
face of the CRT to improve contrast when viewing the dis- 
play under high ambient light conditions. A clear plastic 
faceplate protector is also provided with this instrument for 
use when neither the mesh nor the tinted filter is used. The 
clear faceplate protector provides the best display for wave- 
form photographs. It is also preferable for viewing high 
writing rate displays. 

A filter or the faceplate protector should be used at all 
times to protect the CRT faceplate from scratches. The face- 
plate protector and the tinted light filter mount in the same 
holder. To remove the light filter or faceplate protector 
from the holder, press it out to the rear. They can be 
replaced by snapping them back into the holder. 

Beam Finder 

The BW-BEAM FINDER switch provides a means of locat- 
ing a display which overscans the viewing area either ver- 
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B. Side panel 




C. Rear panel 



Fig. 2-5. 
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Fig. 2-6. Removing the filter or faceplate protector. 



tically or horizontally. When the BW-BEAM FINDER switch 
is pressed down, the display is compressed within the grati- 
cule area. To locate and repostion an overscanned display, 
use the following procedure. 

1. Press the BW-BEAM FINDER switch down. 

2. While the BW-BEAM FINDER switch is held down, 
increase the vertical and horizontal deflection factors until 
the vertical deflection is reduced to about three divisions 
and the horizontal deflection is reduced to about four divi- 
sions (the horizontal deflection needs to be reduced only 
when in the X-Y mode of operation). 

3. Adjust the vertical and horizontal position controls 
to center the display about the vertical and horizontal cen- 
ter lines. 

4. Release the BW-BEAM FINDER switch; the display 
should remain within the viewing area. 



Graticule 

The graticule of the Type 454 is internally marked on the 
faceplate of the CRT to provide accurate, no-parallax meas- 
urements. The graticule is marked with six vertical and 10 
horizontal divisions. Each division is 0.8 centimeter square. 
In addition, each major division is divided into five minor 
divisions at the center vertical and horizontal lines. The ver- 
tical gain and horizontal timing are calibrated to the graticule 
so accurate measurements can be made from the CRT. The 
illumination of the graticule lines can be varied with the 
SCALE ILLUM control. 

Fig. 2-7 shows the graticule of the Type 454 and defines 
the various measurement lines. The terminology defined here 
will be used in all discussions involving graticule measure- 
ments. 




Fig. 2-7. Definition of measurement lines on Type 454 graticule. 



Vertical Channel Selection 

Either of the input channels can be used for single-trace 
displays. Apply the signal to the desired INPUT connector 
and set the MODE switch to display the channel used. 
However, since CH 1 ONLY triggering is provided only in 
Channel 1 and the INVERT feature is provided only in Chan- 
nel 2, the correct channel must be selected to take advan- 
tage of these features. For dual-trace displays, connect the 
signals to both INPUT connectors and set the MODE switch 
to one of the dual-trace positions. 



Vertical Gain Adjustment 

To check the gain of either channel, set the VOLTS/DIV 
switch to .2 and connect the 1 V CAL 1 kHz connector to 
the INPUT connector of the channel used. The vertical de- 
flection should be exactly five divisions. If not, adjust the 
front-panel GAIN adjustment for exactly five divisions of 
deflection. 



NOTE 

If the gain of the two channels must be closely 
matched (such as for ADD mode operation), the 
adjustment procedure given in the Calibration 
section should be used. 

The best measurement accuracy when using probes is 
provided if the GAIN adjustment is made with the probes 
installed (set the VOLTS/DIV switch to 20 mV). Also, to 
provide the most accurate measurements, calibrate the ver- 
tical gain of the Type 454 at the temperature at which the 
measurement is to be made. 



Step Attenuator Balance 

To check the step attenuator balance of either channel, 
set the Input Coupling switch to GND and set the A SWEEP 
MODE switch to AUTO TRIG to provide a free-running 
trace. Change the VOLTS/DIV switch from 20 mV to 5 mV. 



2-11 





Operating Instructions — Type 454/R454 



If the trace moves vertically, adjust the front-panel STEP 
ATTEN BAL adjustment as follows (allow at least 10 minutes 
warm up before performing this adjustment). 

1. With the Input Coupling switch set to GND and the 
VOLTS/DIV switch set to 20 mV, move the trace to the center 
horizontal line of the graticule with the vertical POSITION 
control. 

2. Set the VOLTS/DIV switch to 5 mV and adjust the STEP 
ATTEN BAL adjustment to return the trace to the center 
horizontal line. 

3. Recheck step attenuator balance and repeat adjustment 
until no trace shift occurs as the VOLTS/DIV switch is 
changed from 20 mV to 5 mV. 



Signal Connections 

In general, probes offer the most convenient means of 
connecting a signal to the input of the Type 454. The Tek- 
tronix probes are shielded to prevent pickup of electrostatic 
inteference. A 10X attenuator probe offers a high input 
impedance and allows the circuit under test to perform very 
close to normal operating conditions. However, a 10X 
probe also attenuates the input signal 10 times. The Tek- 
tronix P6045 Field Effect Transistor probe offers the same 
high-input impedance as the 10X probes. However, it is 
particularly useful since it provides wide-band operation 
while presenting no attenuation (1 X gain) and a low input 
capacitance. To obtain maximum bandwidth when using the 
probes, observe the grounding considerations given in the 
probe manuals. The probe-to-connector adapters and the 
bayonet-ground tip provide the best frequency response. 
Remember that a ground strap only a few inches in length 
can produce several percent of ringing when operating at 
the higher frequency limit of this system (see Fig. 2-8). Fig. 
2-9 graphically illustrates the usable frequency range (at 
upper — 3 dB point) of various Tektronix probes when used 
with the Type 454 (for deflection factors from 20 mV to 
10 V). Only a few of the available probes are shown in 
this chart. See your Tektronix, Inc. catalog for character- 
istics and compatibility of other probes for this system. 

In high-frequency applications requiring maximum overall 
bandwidth, use coaxial cables terminated at both ends in 
their characteristic impedance. To maintain the high-fre- 
quency characteristics of the applied signal, use high-qual- 
ity, low-loss cable. Resistive coaxial attenuators can be 
used to minimize reflections due to the 20 pF input capaci- 
tance if the applied signal has sufficient amplitude. 

High-level, low-frequency signals can be connected direct- 
ly to the Type 454 INPUT connectors with short unshielded 
leads. This coupling method works best for signals below 
about one kilohertz and deflection factors above one volt/ 
division. When this method is used, establish a common 
ground between the Type 454 and the equipment under test 
(common ground provided by line cords is usually inade- 
quate). Attempt to position the leads away from any source 
of interference to avoid errors in the display. If interference 
is excessive with unshielded leads, use a coaxial cable or a 
probe. 




Fig. 2-8. Waveform distortion produced with incorrect probe ground. 
(A) Five-inch ground lead, (B) three-inch ground lead, (C) bay- 
onet ground adapter. 

Loading Effect of the Type 454 

As nearly as possible, simulate actual operating condi- 
tions in the equipment under test. Otherwise, the equipment 
under test may not produce a normal signal. The 10X 
attenuator and field effect transistor probes mentioned pre- 
viously offer the least circuit loading. See the probe instruc- 
tion manual for loading characteristics of the probes. 

When the signal is coupled directly to the input of the 
Type 454, the input impedance is about one megohm par- 
alleled by about 20 pF. When the signal is coupled to the 
input through a coaxial cable, the effective input capaci- 
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Fig. 2-9. Frequency range of probe coupling (approximate — 3 dB points) when driven by 25-ohm source. 
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tance depends upon the type and length of cable used and 
the frequency of the signal. 



Input Coupling 

The Channel 1 and 2 Input Coupling switches allow a 
choice of input coupling. The type of display desired de- 
termines the mode of input coupling used. 

The DC position can be used for most applications. How- 
ever, if the DC component of the signal is much larger than 
the AC component, the AC position will probably provide 
a better display. DC coupling should be used to display 
AC signals below about 10 hertz as they will be attenuated 
in the AC position. 

In the AC position, the DC component of the signal is 
blocked by a capacitor in the input circuit. The low-fre- 
quency response in the AC position is about 10 hertz ( — 3 dB 
point). Therefore, some low-frequency distortion can be ex- 
pected near this frequency limit. Distortion will also appear 
in square waves which have low-frequency components. 

The GND position provides a ground reference at the 
input of the Type 454. The signal applied to the INPUT 
connector is internally disconnected but not grounded. The 
input circuit is held at ground potential, eliminating the 
need to externally ground the input to establish a DC ground 
reference. 

The GND position can also be used to pre-charge the 
coupling capacitor to the average voltage level of the sig- 
nal applied to the INPUT connector. This allows measure- 
ment of only the AC component of signals having both AC 
and DC components. The pre-charging network incorporated 
in this unit allows the input-coupling capacitor to charge 
to the DC source voltage level when the Input Coupling 
switch is set to GND. The procedure for using this feature 
is as follows: 

1. Before connecting the signal containing a DC compo- 
nent to the Type 454 INPUT connector, set the Input Cou- 
pling switch to GND. Then connect the signal to the INPUT 
connector. 

2. Wait about one second for the coupling capacitor 
to charge. 

3. Set the Input Coupling switch to AC. The trace (dis- 
play) will remain on the screen and the AC component of 
the signal can be measured in the normal manner. 



Deflection Factor 

The amount of vertical deflection produced by a signal 
is determined by the signal amplitude, the attenuation fac- 
tor of the probe (if used), the setting of the VOLTS/DIV 
switch and the setting of the VARIABLE VOLTS/DIV control. 
The calibrated deflection factors indicated by the VOLTS/ 
DIV switches apply only when the VARIABLE control is set 
to the CAL position. 

The VARIABLE VOLTS/DIV control provides variable (un- 
calibrated) vertical deflection between the calibrated set- 
tings of the VOLTS/DIV switch. The VARIABLE control ex- 



tends the maximum vertical deflection factor of the Type 
454 to at least 25 volts/division (10 volts position). 



Probe Power Connectors 

The two PROBE POWER connectors on the front panel 
of this instrument provide operating power for active probe 
systems such as the Tektronix P6045 Field Effect Transistor 
Probe. It is not recommended that this connector be used 
as a power source for applications other than the com- 
patible probes. However, if used for other applications, 
limit the maximum current from both connectors to 50 milli 
amperes from the + 12-volt terminal and 100 milliamperes 
from the -12-volt terminal. Maintain a constant load on 
the supplies to avoid adding transients to the system. 



Dual-Trace Operation 

Alternate Mode. The ALT position of the MODE switch 
produces a display which alternates between Channel 1 
and 2 with each sweep of the CRT. Although the ALT mode 
can be used at all sweep rates, the CHOP mode provides 
a more satisfactory display at sweep rates below about 20 
microseconds/division. At these slower sweep rates, alter- 
nate mode switching becomes visually perceptible. 

Proper internal triggering in the ALT mode can be ob- 
tained in either the NORM or CH 1 ONLY positions of the 
TRIGGER switch. When in the NORM position, the sweep 
is triggered from the signal on each channel. This pro- 
vides a stable display of two unrelated signals, but does 
not indicate the time relationship between the signals. In 
the CH 1 ONLY position, the two signals are displayed 
showing true time relationship. If the signals are not time 
related, the Channel 2 waveform will be unstable in the 
CH 1 ONLY position. 

Chopped Mode. The CHOP position of the MODE switch 
produces a display which is electronically switched between 
channels. In general, the CHOP mode provides the best 
display at sweep rates slower than about 20 microseconds/ 
division or whenever dual-trace, single-shot phenomena are 
to be displayed. At faster sweep rates the chopped switch- 
ing becomes apparent and may interfere with the display. 

Proper internal triggering for the CHOP mode is provided 
only when the TRIGGER switch is set to CH 1 ONLY. If 
the NORM position is used, the sweep circuits are triggered 
from the between-channel switching signal and both wave- 
forms will be unstable. External triggering from a signal 
which is time-related to either signal provides the same 
result as CH 1 ONLY triggering. 

Two signals which are time-related can be displayed in 
the chopped mode showing true time relationship. How- 
ever, if the signals are not time-related, the Channel 2 dis- 
play will appear unstable. 

Two single-shot, transient, or random signals which occur 
within the time interval determined by the TIME/DIV switch 
(10 times sweep rate) can be compared using the CHOP 
mode. To trigger the sweep correctly, the Channel 1 sig- 
nal must precede the Channel 2 signal. Since the signals 
show true time relationship, time-difference measurements 
can be made. 
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Bandwidth Limiter 

The BW-BEAM FINDER switch provides a method of re- 
ducing interference from unwanted high-frequency signals 
when viewing low-frequency signals. In the FULL position, 
the full bandwidth capabilities of the Vertical Deflection 
system are available. When set to the 5 MHz position (up), 
the upper —3 dB bandwidth point of the Vertical Deflec- 
tion system is limited to about six megahertz. Then un- 
wanted high-frequency signals (such as television broad- 
cast radiation interference) are reduced in the displayed 
waveform. Fig. 2-10 illustrates the use of this feature. The 
waveform in Fig. 2-1 0A is the display produced when 
a low-level, low-frequency signal is viewed in the presence 
of strong 50-megahertz radiation (BW-BEAM FINDER switch 
in FULL position). Fig. 2-1 OB shows the resultant CRT dis- 
play when the high-frequency interference is reduced by 
setting the BW-BEAM FINDER switch to the 5 MHz position. 




Fig. 2-10. (A) CRT display showing high-frequency interference 

when attempting to view low-level, low-frequency signal, (B) 
resultant display when BW-BEAM FINDER switch is set to 5 MHz 
position. 



Channel 1 Output and Cascaded Operation 

If a lower deflection factor than provided by the VOLTS/ 
DIV switches is desired, Channel 1 can be used as a wide- 
band preamplifier for Channel 2. Apply the input signal 
to the INPUT CH 1 connector. Connect a 50-ohm BNC 



cable (18-inch cable for maximum cascaded frequency re- 
sponse) between the CH 1 OUT connector on the side panel 
and the INPUT CH 2 connector. Set the MODE switch to 
CH 2 and the TRIGGER switch to NORM. With both VOLTS/ 
DIV switches set to 5 mV, the deflection factor is less than 
one millivolt/division. 

To provide calibrated one millivolt/division deflection 
factor, connect the Calibrator signal to the INPUT CH 1 
connector. Set the CH 1 VOLTS/DIV switch to 1 and the 
CH 2 VOLTS/DIV switch to 5 mV. Adjust the CH 2 VARI- 
ABLE control to produce a display exactly five divisions in 
amplitude. The cascaded deflection factor is determined 
by dividing the CH 1 VOLTS/DIV switch setting by 5 (CH 
2 VOLTS/DIV switch and CH 2 VARIABLE control remain 
as set above). For example, with the CH 1 VOLTS/DIV 
switch set to 5 mV, the calibrated deflection factor will be 
one millivolt/division; CH 1 VOLTS/DIV switch set to 10 
mV, 2 millivolts/division, etc. 

The following operating considerations and basic appli- 
cations may suggest other uses for this feature. 

1. If AC coupling is desired, set the Channel 1 Input 
Coupling switch to AC and leave the Channel 2 Input Cou- 
pling switch set to DC. When both Input Coupling switches 
are set to DC, DC signal coupling is provided. 

2. Keep the CH 1 and CH 2 POSITION controls set near 
midrange. If the input signal has a DC level which neces- 
sitates one of the POSITION controls being turned away 
from midrange, correct operation can be obtained by keep- 
ing the CH 2 POSITION control near midrange and using 
the CH 1 POSITION control to position the trace near the 
desired location. Then, use the CH 2 POSITION control 
for exact positioning. This method will keep both Input 
Preamps operating within their linear range. 

3. The output voltage at the CH 1 OUT connector is at 
least 25 millivolts/division of CRT display in all CH 1 VOLTS/ 
DIV switch positions. 

4. The MODE switch and CH 1 VARIABLE control have 
no effect on the signal available at the CH 1 OUT con- 
nector. 

5. The Channel 1 Input Preamp can be used as an im- 
pedance matching stage with or without voltqge gain. The 
input resistance is one megohm and the output resistance 
is about 30 ohms. 

6. The output level at the CH 1 OUT connector is about 
0 volt DC for a 0 volt DC input level (CH 1 POSITION con- 
trol centered). The CH 1 POSITION control can be used 
to center the output signal within the dynamic range of 
the amplifier. 

7. If dual-trace operation is used, the signal applied to 
the INPUT CH 1 connector is displayed when Channel 1 
is turned on. When Channel 2 is turned on, the amplified 
signal is displayed. Thus, the input signal can be monitored 
by Channel 1 while the amplified signal is displayed by 
Channel 2. 

8. In special applications where the flat frequency re- 
sponse of the Type 454 is not desired, a filter inserted 
between the CH 1 OUT and INPUT CH 2 connectors allows 
the oscilloscope to essentially take on the frequency re- 
sponse of the filter. Combined with method 7, the input 



2-15 



Operating Instructions — Type 454/R454 



can be monitored by Channel 1 and the filtered signal 
displayed by Channel 2. 

9. By using Channel 1 os a 5X low-level voltage pre- 
amplifier (5 mV position), the signal available at the CH 1 
OUT connector can be used for any application where a 
low-impedance preamplified signal is needed. Remember 
that if a 50-ohm load impedance is used, the output signal 
amplitude is about one-half. 

Algebraic Addition 

General. The ADD position of the MODE switch can be 
used to display the sum or difference of two signals, for 
common-mode rejection to remove an undesired signal, or 
for DC offset (applying a DC voltage to one channel to 
offset the DC component of a signal on the other channel). 

The common-mode rejection ratio of the Type 454 is 
greater than 10:1 at 50 megahertz for signal amplitudes 
up to eight times the VOLTS/DIV switch setting. Rejection 
ratios of 100:1 can typically be achieved between DC and five 
megahertz by careful adjustment of the gain of either chan- 
nel while observing the displayed common-mode signal. 

Deflection Factor. The overall deflection in the ADD 
position of the MODE switch when both VOLTS/DIV switches 
are set to the same position is the same as the deflection 
factor indicated by either VOLTS/DIV switch. The ampli- 
tude of an added mode display can be determined directly 
from the resultant CRT deflection multiplied by the deflec- 
tion factor indicated by either VOLTS/DIV switch. However, 
if the CH 1 and CH 2 VOLTS/DIV switches are set to dif- 
ferent deflection factors, the resultant voltage is difficult 
to determine from the CRT display. In this case, the volt- 
age amplitude of the resultant display can be determined 
accurately only if the amplitude of the signal applied to 
either channel is known. 

Precautions. The following general precautions should 
be observed when using the ADD mode. 

1. Do not exceed the input voltage rating of the Type 
454. 

2. Do not apply signals that exceed an equivalent of 
about eight times the VOLTS/DIV switch setting. For ex- 
ample, with a VOLTS/DIV switch setting of .5, the voltage 
applied to that channel should not exceed about four volts. 
Larger voltages may distort the display. 

3. Use CH 1 and CH 2 POSITION control settings which 
most nearly position the signal of each channel to mid- 
screen when viewed in either the CH 1 or CH 2 positions 
of the MODE switch. This insures the greatest dynamic 
range for ADD mode operation. 

4. For similar response from each channel, set the CH 1 
and CH 2 Input Coupling switches to the same position. 

Trigger Source 

INT. For most applications, the sweep can be triggered 
internally. In the INT position of the Triggering SOURCE 
switch, the trigger signal is obtained from the Vertical De- 
flection System. The TRIGGER switch provides further 
selection of the internal trigger signal; obtained from the 



Channel 1 signal in the CH 1 ONLY position, or from the 
displayed signal when in the NORM position. For single- 
trace displays of either channel, the NORM position pro- 
vides the most convenient operation. However, for dual- 
trace displays, special considerations must be made to pro- 
vide the correct display. See Dual-Trace Operation in this 
section for dual-trace triggering information. 

LINE. The LINE position of the SOURCE switch connects 
a sample of the power-line voltage to the Trigger Gener- 
ator. Line triggering is useful when the input signal is time- 
related (multiple or sub-multiple) to the line frequency. 
It is also useful for providing a stable display of a line- 
frequency component in a complex waveform. 

EXT. An external signal connected to the EXT TRIG 
INPUT connector can be used to trigger the sweep in the 
EXT position of the SOURCE switch. The external signal 
must be time-related to the displayed signal for a stable 
display. An external trigger signal can be used to provide 
a triggered display when the internal signal is too low in 
amplitude for correct triggering, or contains signal compo- 
nents on which it is not desired to trigger. It is also use- 
ful when signal tracing in amplifiers, phase-shift networks, 
wave-shaping circuits, etc. The signal from a single point 
in the circuit under test can be connected to the EXT TRIG 
INPUT connector through a signal probe or cable. The 
sweep is then triggered by the same signal at all times 
and allows amplitude, time relationship or waveshape 
changes of signals at various points in the circuit to be 
examined without resetting the trigger controls. 

EXT 10. Operation in the EXT 10 position is the 
same as described for EXT except that the external trig- 
gering signal is attenuated 10 times. Attenuation of high- 
amplitude external trigger signals is desirable to broaden 
the range of the Triggering LEVEL control. When the COU- 
PLING switch is set to LF REJ, attenuation is about 20:1. 



Trigger Coupling 

Four methods of coupling the trigger signal to the trig- 
ger circuits can be selected with the Triggering COUPLING 
switches. Each position permits selection or rejection of the 
frequency components of the trigger signal which will trig- 
ger the sweep. Fig. 2-11 graphically illustrates the band 
of frequencies which each position of the coupling switch 
covers. 

AC. The AC position blocks the DC component of the 
trigger signal. Signals with low-frequency components 
below about 30 hertz are attenuated. In general, AC cou- 
pling can be used for most applications. However, if the 
trigger signal contains unwanted frequency components or 
if the sweep is to be triggered at a low repetition rate or 
a DC level, one of the remaining COUPLING switch posi- 
tions will provide a better display. 

The triggering point in the AC position depends on the 
average voltage level of the trigger signal. If the trigger 
signals occur in a random fashion, the average voltage 
level will vary, causing the triggering point to vary also. 
This shift of the triggering point may be enough so it is 
impossible to maintain a stable display. In such cases, use 
DC coupling. 
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Fig. 2-1 1. Frequency range of each position of the A and B COUPLING switches 



Operating Instructions — Type 454/R454 



LF REJ. In the LF REJ position, DC is rejected and sig- 
nals below about 50 kilohertz are attenuated. Therefore, 
the sweep will be triggered only by the higher-frequency com- 
ponents of the signal. This position is particulary useful for 
providing stable triggering if the trigger contains line-fre- 
quency components. Also, in the ALT position of the MODE 
switch, the LF REJ position provides the best display at 
fast sweep rates when comparing two unrelated signals 
(TRIGGER switch set to NORM). 

HF REJ. The HF REJ position passes all low-frequency 
signals between about 30 hertz and 50 kilohertz. DC is 
rejected and signals outside the above range are attenuated. 
When triggering from complex waveforms, this position is 
useful for providing stable display of the low-frequency com- 
ponents. 

DC. DC coupling can be used to provide stable trigger- 
ing with low-frequency signals which would be attenuated 
in the AC position, or with low-repetition rate signals. The 
LEVEL control can be adjusted to provide triggering at the 
desired DC level on the waveform. When using internal 
triggering, the setting of the CH 1 and CH 2 POSITION 
controls affects the DC triggering level. 

DC trigger coupling should not be used in the ALT dual- 
trace mode if the TRIGGER switch is set to NORM. If used, 
the sweep will trigger on the DC level of one trace and then 
either lock out completely or free run on the other trace. 
Correct DC triggering for this mode can be obtained with 
the TRIGGER switch set to CH 1 ONLY. 



Trigger Slope 

The Triggering SLOPE switch determines whether the trig- 
ger circuit responds on the positive-going or negative-going 
portion of the trigger signal. When the SLOPE switch is 
in the + (positive-going) position, the display starts with 
the positive-going portion of the waveform; in the — (neg- 
ative-going) position, the display starts with the negative- 
going portion of the waveform (see Fig. 2-12). When sev- 
eral cycles of a signal appear in the display, the setting 
of the SLOPE switch is often unimportant. However, if only 
a certain portion of a cycle is to be displayed, correct set- 
ting of the SLOPE switch is important to provide a display 
which starts on the desired slope of the input signal. 



Trigger Level 

The Triggering LEVEL control determines the voltage level 
on the triggering waveform at which the sweep is triggered. 
When the LEVEL control is set in the + region, the trigger 
circuit responds at a more positive point on the trigger 
signal. When the LEVEL control is set in the — region, the 
trigger circuit responds at a more negative point on the 
trigger signal. Fig. 2-12 illustrates this effect with different 
settings of the SLOPE switch. 

To set the LEVEL control, first select the Triggering 
SOURCE, COUPLING and SLOPE. Then set the LEVEL con- 
trol fully counterclockwise and rotate it clockwise until the 
display starts at the desired point. 



High-Frequency Stability 

The HF STAB control (A only) is most useful at frequencies 
above about 40 megahertz or with signals which contain 
high-frequency components. If a stable display cannot be 
obtained using the A LEVEL control (trigger signal must have 
adequate amplitude), adjust the HF STAB control for mini- 
mum horizontal jitter in the display. 



A Sweep Triggered Light 

The A SWEEP TRIG'D light provides a convenient indi- 
cation of the condition of the A Triggering circuit. If the 
A Triggering controls are correctly adjusted with an ade- 
quate trigger signal applied, this light is on. However, if 
the A LEVEL control is misadjusted, the A COUPLING or 
A SOURCE switches incorrectly set, or the trigger signal too 
low in amplitude, the A SWEEP TRIG'D LIGHT will be off. 
This feature can be used as a general indication of correct 
triggering. It is particularly useful when setting up the trig- 
ger circuits when a trigger signal is available without a 
trace displayed on the CRT; it also indicates that the A 
sweep is correctly triggered when operating in the B (DE- 
LAYED SWEEP) mode. 



A Sweep Mode 

AUTO TRIG. The AUTO TRIG position of the A SWEEP 
MODE switch provides a stable display when the A LEVEL 
control is correctly set (see Trigger Level in this section) and 
a trigger signal is available. The A SWEEP TRIG'D light 
indicates when the A Sweep Generator is triggered. 

When the trigger repetition rate is less than about 20 
hertz, or in the absence of an adequate trigger signal, the 
A Sweep Generator free runs to produce a reference trace. 
When an adequate trigger signal is again applied, the free- 
running condition ends and the A Sweep Generator is trig- 
gered to produce a stable display (with correct LEVEL con- 
trol setting). 

NORM TRIG. Operation in the NORM TRIG position 
when a trigger signal is applied is the same as in the AUTO 
TRIG position. However, when a trigger signal is not pres- 
ent, the A Sweep Generator remains off and there is no 
display. The A SWEEP TRIG'D light indicates when the A 
Sweep Generator is triggered. 

Use the NORM TRIG mode to display signals with rep- 
etition rates below about 20 hertz. This mode provides an 
indication of an adequate trigger signal as well as the 
correctness of trigger control settings, since there is no dis- 
play without proper triggering. Also, the A SWEEP TRIG'D 
light is off when the A sweep is not correctly triggered. 

SINGLE SWEEP. When the signal to be displayed is not 
repetitive or varies in amplitude, shape or time, a conven- 
tional repetitive display may produce an unstable presenta- 
tion. To avoid this, use the single-sweep feature of the Type 
454. The SINGLE SWEEP mode can also be used to photo- 
graph a non-repetitive signal. 

To use the SINGLE SWEEP mode, first make sure the 
trigger circuit will respond to the event to be displayed. Set 
the A SWEEP MODE switch to AUTO TRIG or NORM TRIG 
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Fig. 2-12. Effects of LEVEL control and the A and B SLOPE switch on displayed waveform. 
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and obtain the best possible display in the normal manner 
(for random signals set the trigger circuit to trigger on a 
signal which is approximately the same amplitude and fre- 
quency as the random signal). Then, set the A SWEEP MODE 
switch to SINGLE SWEEP and press the RESET button. When 
the RESET button is pushed, the next trigger pulse initiates 
the sweep and a single trace will be presented on the 
screen. After this sweep is complete, the A Sweep Gener- 
ator is "locked out" until reset. The RESET light located 
inside the RESET button lights when the A Sweep Generator 
circuit has been reset and is ready to produce a sweep; it 
goes out after the sweep is complete. To prepare the cir- 
cuit for another single-sweep display, press the RESET button 
again. 

Selecting Sweep Rate 

The A AND B TIME/DIV switches select calibrated sweep 
rates for the Sweep Generators. The A and B VARIABLE 
controls provide continuously variable sweep rates between 
the settings of the TIME/DIV switches. Whenever the UN- 
CAL A OR B light is on, the sweep rate of either A or B 
Sweep Generator, or both, is uncalibrated. The light is 
off when the A VARIABLE (front panel) and B TIME/DIV 
VARIABLE (side panel) controls are both set to the CAL 
position. 

The sweep rate of the A Sweep Generator is bracketed 
by the two black lines on the clear plastic inner flange 
of the TIME/DIV switch (see Fig. 2-13). The B Sweep Gen- 
erator sweep rate is indicated by the dot on the DELAYED 
SWEEP knob. When the dot on the outer knob is set to 
the same position as the lines on the inner knob, the two 
knobs lock together and the sweep rate of both Sweep 
Generators is changed at the same time. However, when 
the DELAYED SWEEP knob is pulled outward, the inner 
flange is disengaged and only the B Sweep Generator 
sweep rate is changed. This allows changing the delayed 




Fig. 2-13. A and B TIME/DIV switch. 



sweep rate without changing the delay time determined 
by the A Sweep Generator. 

When making time measurements from the graticule, the 
area between the first-division and ninth-division vertical lines 
provides the most linear time measurement (see Fig. 2-14). 
Therefore, the first and last division of the display should 
not be used when making accurate time measurements. 



First-division Ninth-division 

vertical line vertical line 




Fig. 2-14. Area of graticule used for accurate time measurements. 

Sweep Magnification 

The sweep magnifier expands the sweep ten times. The 
center division of the unmagnified display is the portion 
visible on the screen in magnified form (see Fig. 2-15). 
Equivalent length of the magnified sweep is more than 100 
divisions; any 10-division portion may be viewed by adjust- 
ing the horizontal POSITION control to bring the desired 
portion onto the viewing area. The FINE (position) control 
is particularly useful when the magnifier is on, as it pro- 
vides positioning in smaller increments for more precise con- 
trol. 

To use the magnified sweep, first move the portion of the 
display, which is to be expanded, to the center of the grati- 
cule. Then set the MAG switch to X10. The FINE position 
control can be adjusted to move the magnified portion to 
the desired position. The light located below the MAG 
switch is on whenever the magnifier is on. 

When the MAG switch is set to X10, the sweep rate is 
determined by dividing the TIME/DIV switch setting by 10. 
For example, if the TIME/DIV switch is set to .5 /cs, the 
magnified sweep rate is 0.05 microsecond/division. The 
magnified sweep rate must be used for all time measure- 
ments when the MAG switch is set to X10. The magnified 
sweep rate is calibrated when the UNCAL A OR B light is 
off. 

B (Delayed Sweep) 

The B sweep (delayed sweep) is operable in the A INTEN 
DURING B and B (DELAYED SWEEP) positions of the HORIZ 
DISPLAY switch. The A sweep rate along with the DELAY- 
TIME MULTIPLIER dial determines the time that the B sweep 
is delayed. Sweep rate of the delayed portion is deter- 
mined by the B TIME/DIV (DELAYED SWEEP) switch setting. 



2-20 




Operating Instructions — Type 454/R454 



















: Ur 


— 

magn 


1 

if ted 


— 

wave 


— 

! orm 














\ 






















\ 




















""t 

: 


.1111 

: 


\ 

\ 

\ 
















/ : 
/ 






f 

\ 

\ 






fflAU 

switch off 

1 f 


/ 

/ 

/ 


. 

- 

: 


. 




V 


V 






/ 


\ 












/ 

z_ 




■ 


' 








\ 

\ 

\ 






/ 

/ 
















\ 














/ 

/ 


















/ 

/ 

/ 




















/ 






























to XI 0 

L 1 1 




A 


Aagni 

. 1 


: i*d v 


vavefc 


>rm 









Fig. 2-15. Operation of sweep magnifier. 

In the A INTEN DURING B position, the display will ap- 
pear similar to Fig. 2-1 6A. The amount of delay time be- 
tween the start of A sweep and the intensified portion is 
determined by the setting of the A TIME/DIV switch and the 
DELAY-TIME MULTIPLIER dial. For example, the delay time 
indicated by the DELAY-TIME MULTIPLIER dial setting shown 
in Fig. 2-17 is 3.55; this corresponds to 3.55 CRT divisions 
of A sweep. This reading multiplied by the setting of the A 
TIME/DIV switch gives the calibrated delay time before 
the start of the B sweep (Note: Due to system time delays, 
the deloy start determined by the A sweep is accurate only 
between 50 seconds and one microsecond). The intensified 
portion of the display is produced by the B sweep. The 
length of this portion is about 10 times the setting of the 
B TIME/DIV switch. 

When the HORIZ DISPLAY switch is set to B (DELAYED 
SWEEP), only the intensified portion as viewed in the A 
INTEN DURING B position is displayed on the screen of the 
sweep rate indicated by the B TIME/DIV switch (see Fig 2-1 6B). 

B Sweep Mode. The B SWEEP MODE switch provides 
two modes of delayed sweep. Fig. 2-18 illustrates the dif- 
ference between these two modes. In the B STARTS AFTER 
DELAY TIME position, the B sweep is presented immediately 
after the delay time (see Fig. 2-1 8A). The B sweep is trig- 
gered at a selected level on A sweep to provide a delay 
for B sweep. Since this delay time is the same for each 
sweep, the display appears stable. In the TRIGGERABLE 
AFTER DELAY TIME position, the B sweep operates only 
when it is triggered after the selected delay time (see Fig. 
2-1 8B). The B Triggering controls operate as described in 
this section. 

Delayed Sweep Operation. To obtain a delayed sweep 
display use the following procedure. 
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Fig. 2-16. (A) A INTEN DURING B display (A TIME/DIV, .5 ms; 
B TIME/DIV, 50 fit), IB) B (DELATED SWEEP) display. 

1. Set the HORIZ DISPLAY switch to A INTEN DURING B. 

2. Set the B SWEEP MODE switch to the desired setting. 
If TRIGGERABLE AFTER DELAY TIME is used, correct B Trig- 
gering is also necessary. 

3. Set the delay time with the A TIME/DIV switch and the 
DELAY-TIME MULTIPLIER dial. 

4. Pull the DELAYED SWEEP (B TIME/DIV) knob out and 
set to the desired sweep rate. 




Fig. 2-17. DELAY-TIME MULTIPLIER dial. Reading shown: 3.55. 
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5. If the TRIGGERABLE AFTER DELAY TIME position is used, 
check the display for an intensified portion. Absence of the 
intensified zone indicates that B sweep is not correctly trig- 
gered. 

6. Set the HORIZ DISPLAY switch to B (DELAYED SWEEP). 
The intensified zone shown in the A INTEN DURING B po- 
sition is now displayed at the sweep rate selected by the 
B TIME/DIV switch. 

Several examples of uses of the delayed sweep feature are 
given under Basic Applications in this section. 

A Sweep Length. The A SWEEP LENGTH control is most 
useful when used with delayed sweep. As this control is ro- 
tated counterclockwise from the FULL position, the length of 



the A sweep decreases until it is about four divisions long 
near the counterclockwise position (not in B ENDS A detent). 
The B ENDS A position produces a display which ends immed- 
iately following the B sweep (B sweep must end before the 
normal end of A sweep). The A SWEEP LENGTH control 
effectively increases the repetition rate of delayed sweep dis- 
plays. 

To use the A SWEEP LENGTH control, set the HORIZ DIS- 
PLAY switch to A INTEN DURING B and set the delay time 
and delayed sweep rate in the normal manner. Turn the A 
SWEEP LENGTH control counterclockwise until the sweep 
ends immediately following the intensified portion of the 
display. Then, set the HORIZ DISPLAY switch to B (DELAYED 
SWEEP). This method provides the maximum repetition rate 
for a given delayed sweep display. In the B ENDS A position, 
the maximum repetition rate is maintained automatically. 
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(A) B STARTS AFTER DELAY TIME 



(B) TRIGGERABLE AFTER DELAY TIME 



Fig. 2-18. Comparison of the delayed-sweep modes. (A) B STARTS AFTER DELAY TIME, (B) TRIGGERABLE AFTER DELAY TIME. In each dis- 
play the B sweep is delayed a selected amount of time by the A sweep. 
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NOTE 

Jitter can be introduced into the display and in- 
correct displays produced through the wrong usage 
of the A SWEEP LENGTH control. When using 
this control first obtain the best possible display 
in the FULL position. Then, set the control for the 
desired A sweep length. If jitter is evident in the 
display, readjust the Triggering controls or change 
the A SWEEP LENGTH control to a position that 
does not cause jitter. 



X-Y Operation 

In some applications, it is desirable to display one signal 
versus another (X-Y) rather than against time (internal sweep). 
The X-Y position of the HORIZ DISPLAY switch provides a 
means for applying an external signal to the horizontal 
amplifier for this type of display. 

When the HORIZ DISPLAY switch is set to X-Y and the 
TRIGGER switch is set to CH 1 ONLY OR X-Y, the horizontal 
(X-axis) deflection is provided by the signal connected to the 
INPUT CH 1 OR X connector and the vertical deflection is 
provided by the signal connected to the INPUT CH 2 OR Y 
connector. The calibrated X-axis deflection is indicated by 
the CH 1 VOLTS/DIV switch; calibrated Y-axis deflection is 
indicated by the CH 2 VOLTS/DIV switch. For X-Y operation, 
the CH 1 POSITION control provides X-axis positioning and 
the CH 2 POSITION control provides Y-axis positioning. 

Do not exceed the horizontal scan area of the graticule in 
the X-Y mode of operation. This mode can be used to meas- 
ure phase differences up to about two megahertz. Above 
this frequency, the inherent phase shift in the system makes 
phase measurement difficult. To minimize phase shift in X-Y 
displays at the upper frequency limit, set the MAG switch to 
OFF. 

To check and adjust the X-axis deflection accuracy, use the 
following procedure (Y-axis deflection accuracy is checked as 
given for vertical deflection under Vertical Gain Adjustment). 

1. Set the HORIZ DISPLAY switch to X-Y. 

2. Set the TRIGGER switch to CH 1 ONLY OR X-Y. 

3. Connect the 1 V CAL 1 kHz connector to the INPUT CH 
1 OR X connector with a BNC cable. 

4. Set the CH 1 VOLTS/DIV switch to .2. 

5. Advance the INTENSITY control until two dots are 
visible on the CRT. 

6. Check that the dots are exactly five divisions apart. 
If not, adjust the X-GAIN (X-Y) adjustment (side panel) for 
exactly five divisions of deflection. 

Sweep Generator Output Signals 

A and B + GATE. The A and B + GATE output con- 
nectors (on side panel) provide a rectangular output pulse 
which is coincident with the sweep time of the respective 
sweep generator. This rectangular pulse is about +12 volts 
in amplitude (into high-impedance loads) with pulse duration 
the same as the respective sweep. 



A Sweep. The A SWEEP connector (on side panel) provides 
a sample of the sawtooth sweep signal from the A Sweep 
Generator circuit. Amplitude of the sweep output signal is 
about +10 volts into a high-impedance load. 



Intensity Modulation 

Intensity (Z-axis) modulation can be used to relate a third 
item of electrical phenomena to the vertical (Y-axis) and the 
horizontal (X-axis) coordinates without changing the wave 
shape. The Z-axis modulating signal applied to the CRT cir- 
cuit changes the intensity of the displayed waveform to pro- 
vide this display. “Gray scale” intensity modulation can be 
obtained by applying signals which do not completely blank 
the display. Large amplitude signals of the correct polarity 
will completely blank the display; the sharpest display is pro- 
vided by signals with a fast rise and fall. The voltage ampli- 
tude required for visible trace modulation depends on the 
setting of the INTENSITY control. At normal intensity level, 
a five-volt peak-to-peak signal produces a visible change in 
brightness. When the Z AXIS INPUT connector is not in use, 
keep the ground strap in place. 

Time markers applied to the Z AXIS INPUT connector pro- 
vide a direct time reference on the display. With uncali- 
brated horizontol sweep or X-Y mode operation, the time 
markers provide a means of reading time directly from the 
display. However, if the markers are not time-related to the 
displayed waveform, a single-sweep display should be used 
(for internal sweep only) to provide a stable display. 



Calibrator 

The one-kilohertz square-wave Calibrator of the Type 
454 provides a convenient signal source for checking basic 
vertical gain and sweep timing. However, to provide max- 
imum measurement accuracy, the adjustment procedure giv- 
en in the Calibration section of this manual should be used 
when recalibrating the unit. The Calibrator output signal is 
also very useful for adjusting probe compensation as de- 
scribed in the probe instruction manual. In addition, the 
Calibrator can be used as a convenient signal source for 
application to external equipment. 

Voltage. The Calibrator provides an accurate peak-to- 
peak square-wave voltage of one volt into a high impedance 
load. Output resistance is 250 ohms. The actual voltage 
across an external load resistor can be calculated in the same 
manner as with any series resistor combination (necessary 
only if the load resistance is less than about 50 kilohms). 

Current. The current loop, located on the side panel, 
provides a five millampere peak-to-peak square-wave cur- 
rent which can be used to check and calibrate current-meas- 
uring probe systems. This current signal is obtained by clip- 
ping the probe around the current loop. The arrow above 
the PROBE LOOP indicates conventional current flow; i.e., 
from + to — . 

Frequency. The Calibrator circuit uses frequency-stable 
components to maintain accurate frequency and constant 
duty cycle. Thus the Calibrator can be used for checking the 
basic sweep timing of the horizontal system. 
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Wave shape. The square-wave output signal of the Cali- 
brator can be used as a reference wave shape when check- 
ing or adjusting the compensation of passive, high-resistance 
probes. Since the square-wave output from the Calibrator 
has a flat top, any distortion in the displayed waveform is 
due to the probe compensation. 



BASIC APPLICATIONS 

The following information describes the procedure and 
technique for making basic measurements with a Type 454 
Oscilloscope. These applications are not described in detail 
since each application must be adapted to the requirements 
of the individual measurements. Familiarity with the Type 454 
will permit these basic techniques to be applied to a wide 
variety of uses. 



Peak-to-Peak Voltage Measurements — AC 

To make a peak-to-peak voltage measurement, use the 
following procedure: 

1. Connect the signal to either INPUT connector. 

2. Set the MODE switch to display the channel used. 

3. Set the VOLTS/DIV switch to display about five divi- 
sions of the waveform. 

4. Set the Input Coupling switch to AC. 

NOTE 

For low-frequency signals below about 10 hertz, 

use the DC position. 

5. Set the A Triggering controls to obtain a stable display. 
Set the TIME/DIV switch to a position that displays several 
cycles of the waveform. 

6. Turn the vertical POSITION control so the lower por- 
tion of the waveform coincides with one of the graticule lines 
below the center horizontal line, and the top of the waveform 
is on the viewing area. Move the display with the horizontal 
POSITION control, so one of the upper peaks lies near the 
center vertical line (see Fig. 2-19). 




Fig. 2-19. Measuring peak-to-peak voltage of a waveform. 



7. Measure the divisions of vertical deflection from peak to 
peak. Make sure the VARIABLE VOLTS/DIV control is in the 
CAL position. 



NOTE 

This technique may also be used to make measure- 
ments between two points on the waveform rather 
than peak to peak. 

8. Multiply the distance measured in step 7 by the VOLTS/ 
DIV switch setting. Also include the attenuation factor of 
the probe, if any. 



Example. Assume a peak-to-peak vertical deflection 
of 4.6 divisions (see Fig. 2-19) using a 10X attenuator probe 
and a VOLTS/DIV switch setting of .5. 



Using the formula: 



Volts 

Peak to Peak 



vertical 

= defection X 
(divisions) 



VOLTS/DIV y 

setting 



probe 

attenuation 

factor 



Substituting the given values.- 

Volts Peak to Peak = 4.6 X 0.5 V X 10 



The peak-to-peak voltage is 23 volts. 



Instantaneous Voltage Measurements — DC 

To measure the DC level at a given point on a waveform, 
use the following procedure: 

1. Connect the signal to either INPUT connector. 

2. Set the MODE switch to display the channel used. 

3. Set the VOLTS/DIV switch to display about five divi- 
sions of the waveform. 

4. Set the Input Coupling switch to GND. 

5. Set the A SWEEP MODE switch to AUTO TRIG. 

6. Position the trace to the bottom line of the graticule 
or other reference line. If the voltage to be measured is 
negative with respect to ground, position the trace to the top 
line of the graticule. Do not move the vertical POSITION 
control after this reference line has been established. 

NOTE 

To measure a voltage level with respect to a voltage 
other than ground, make the following changes 
in step 6: Set the Input Coupling switch to DC and 
apply the reference voltage to the INPUT connect- 
or. Then position the trace to the reference line. 

7. Set the Input Coupling switch to DC. The ground ref- 
erence line can be checked at any time by switching to the 
GND position. 

8. Set the A Triggering controls to obtain a stable display. 
Set the TIME/DIV switch to a setting that displays several 
cycles of the signal. 

9. Measure the distance in divisions between the reference 
line and the point on the waveform at which the DC level is 
to be measured. For example, in Fig. 2-20 the measurement is 
made bteween the reference line and point A. 
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Fig. 2-20. Measuring instantaneous DC voltage with respect to a 
reference voltage. 



10. Establish the polarity of the signal. If the waveform 
is above the reference line, the voltage is positive; below the 
line, negative (when the INVERT switch is pushed in if using 
Channel 2). 

1 1 . Multiply the distance measured in step 9 by the VOLTS/ 
DIV switch setting. Include the attenuation factor of the 
probe, if any. 



Example. Assume that the vertical distance measured 
is 4.6 divisions (see Fig. 2-20), the waveform is above the 
reference line, using a 10X attenuator probe and a VOLTS/ 
DIV switch setting of 2. 



Using the formula: 



Instantaneous 

Voltage 



vertical 

distance X polarity X 
(divisions) 



VOLTS/DIV 

setting 



probe 

X attenuation 
factor 



Substituting the given values: 



Instantaneous 

Voltage 



= 4.6 X +1 X 2 V X 10 



The instantaneous voltage is +92 volts. 



Voltage Comparison Measurements 

In some applications it may be necessary to establish a 
set of deflection factors other than those indicated by the 
VOLTS/DIV switch. This is useful for comparing signals to 
a reference voltage amplitude. To establish a new set of 
deflection factors based upon a specific reference amplitude, 
proceed as follows. 

1. Apply the reference signal of known amplitude to either 
INPUT connector. Set the MODE switch to display the chan- 
nel used. Using the VOLTS/DIV switch and the VARIABLE 
control, adjust the display for an exact number of divisions. 
Do not move the VARIABLE VOLTS/DIV control after ob- 
taining the desired deflection. 

2. Divide the amplitude of the reference signal (volts) by 
the product of the deflection in divisions (established in step 



1) and the VOLTS/DIV switch setting. This is the Deflection 
Conversion Factor. 



Deflection 

Conversion 

Factor 



reference signal amplitude (volts) 
deflection (divisions) X VOLTS/DIV setting 



3. To establish an Adjusted Deflection Factor at any set- 
ting of the VOLTS/DIV switch, multiply the VOLTS/DIV switch 
setting by the Deflection Conversion Factor established in 
step 2. 



d = VOL ™ DIV 

Factor !e "' n9 



Deflection 
X Conversion 
Factor 



This Adjusted Deflection Factor applies only to the channel 
used and is correct only if the VARIABLE VOLTS/DIV control 
is not moved from the position set in step 1. 

4. To determine the peak-to-peak amplitude of a signal 
compared to a reference, disconnect the reference and apply 
the signal to the INPUT connector. 

5. Set the VOLTS/DIV switch to a setting that provides 
sufficient deflection to make the measurement. Do not read- 
just the VARIABLE VOLTS/DIV control. 

6. Measure the vertical deflection in divisions and de- 
termine the amplitude by the following formula: 



Signal 

Amplitude 



Adjusted 

= Deflection X 
Factor 



deflection 

(divisions) 



Example. Assume a reference signal amplitude of 30 volts, 
a VOLTS/DIV setting of 5 and a deflection of four divis- 
ions. Substituting these values in the Deflection Conversion 
Factor formula (step 2): 



Deflection 

Converstion 

Factor 



30 V 



4X5 



Then, with a VOLTS/DIV switch setting of 10, the Ad- 
justed Deflection Factor (step 3) is: 

Adjusted 

Deflection = 10 V X 1.5 = 15 volts/division 
Factor 



To determine the peak-to-peak amplitude of an applied 
signal which produces a vertical deflection of five divisions, 
use the Signal Amplitude formula (step 6): 



Signal 

Amplitude 



15V X 5 = 75 volts 



Time-Duration Measurements 

To measure time between two points on a waveform, use 
the following procedure. 

1. Connect the signal to either INPUT connector. 

2. Set the MODE switch to display the channel used. 

3. Set the VOLTS/DIV switch to display about five divi- 
sions of the waveform. 

4. Set the A Triggering controls to obtain a stable dis- 
play. 
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5. Set the TIME/DIV switch to the fastest sweep rate that 
displays less than eight divisions between the time meas- 
urement points (see Fig. 2-21). See the topic entitled Select- 
ing Sweep Rate in this section concerning non-linearity of 
first and last divisions of display. 




Fig. 2-21. Measuring the time duration between points on a 
waveform. 



6. Adjust the vertical POSITION control to move the points 
between which the time measurement is made to the cen- 
ter horizontal line. 

7. Adjust the horizontal POSITION control to center the 
display within the center eight divisions of the graticule. 

8. Measure the horizontal distance between the time 
measurement points. Be sure the A VARIABLE control is set 
to CAL. 

9. Multiply the distance measured in step 8 by the set- 
ting of the TIME/DIV switch. If sweep magnification is used, 
divide this answer by 10. 



Example. Assume that the distance between the time 
measurement points is five divisions (see Fig. 2-21) and the 
TIME/DIV switch is set to .1 ms with the magnifier off. 



Using the formula: 



Time Duration = 
Substituting the given values 
Time Duration 



horizontal 
distance X 
(divisions) 



TIME/DIV 

setting 



magnification 
5 X 0.1 ms 



1 



The time duration is 0.5 milliseconds. 



Frequency Measurement 

The time measurement technique can also be used to 
determine the frequency of a signal. The frequency of a 
periodically recurrent signal is the reciprocal of the time 
duration (period) of one cycle. 



Use the following procedure: 

1. Measure the time duration of one cycle of the wave- 
form as described in the previous application. 

2. Take the reciprocal of the time duration to determine 
the frequency. 

Example. The frequency of the signal shown in Fig. 2-21 
which has a time duration of 0.5 milliseconds is: 

Frequency = - 1 . — — n J = 2 kHz 

time duration 0.5 ms 

Risetime Measurements 

Risetime measurements employ basically the same tech- 
niques as time-duration measurements. The main difference 
is the points between which the measurement is made. The 
following procedure gives the basic method of measuring 
risetime between the 10% and 90% points of the wave- 
form. Falltime can be measured in the same manner on 
the trailing edge of the waveform. 

1. Connect the signal to either INPUT connector. 

2. Set the MODE switch to display the channel used. 

3. Set the VOLTS/DIV switch and the VARIABLE con- 
trol to produce a display an exact number of divisions 
in amplitude. 

4. Center the display about the center horizontal line. 

5. Set the TIME/DIV switch to the fastest sweep rate that 
displays less than eight divisions between the 10% and 
90% points on the waveform. 

6. Determine the 10% and 90% points on the rising por- 
tion of the waveform. The figures given in Table 2-2 are 
for the points 10% up from the start of the rising portion 
and 10% down from the top of the rising portion (90% 
point). 



TABLE 2-2 



Vertical 




Divisions vertically 


display 


10% and 90% 


between 1 0 % 


(divisions) 


points 


and 90 % point 


4 


0.4 division 


3.2 


5 


0.5 division 


4.0 


6 


0.6 division 


4.8 



7. Adjust the horizontal POSITION control to move the 
10% point of the waveform to the first graticule line. For 
example, with a five-division display as shown in Fig. 2-22, 
the 10% point is 0.5 division up from the start of the ris- 
ing portion. 

8. Measure the horizontal distance between the 10% and 
90% points. Be sure the A VARIABLE control is set to CAL. 

9. Multiply the distance measured in step 8 by the set- 
ting of the TIME/DIV switch. If sweep magnification is used, 
divide this answer by 10. 

Example. Assume that the horizontal distance between 
the 10% and 90% points is four divisions (see Fig. 2-22) and 
the TIME/DIV switch is set to 1 p.s with the MAG switch 
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8. If possible, set the TIME/DIV switch for a sweep rate 
which shows three or more divisions between the two wave- 
forms. 

9. Adjust the vertical POSITION controls to center each 
waveform (or the points on the display between which the 
measurement is made) in relation to the center horizontal 
line. 

10. Adjust the horizontal POSITION control so the Chan- 
nel 1 (reference) waveform crosses the center horizontal 
line at a vertical graticule line. 

11. Measure the horizontal difference between the Chan- 
nel 1 waveform and the Channel 2 waveform (see Fig. 2-23). 

12. Multiply the measured difference by the setting of 
the TIME/DIV switch. If sweep magnification is used, divide 
this answer by 10. 



Fig. 2-22. Measuring risetimu. 



set to X10. Applying the time duration formula to rise- 
time: 



Risetime 
(Time Duration) 



horizontal 
(divisions) X 
distance 



TIME/DIV 

setting 



magnification 



Substituting the given values-. 



Risetime = 



4 X 1 jus 

10 



The risetime is 0.4 microsecond. 



Example. Assume that the TIME/DIV switch is set to 
50 jus, the MAG switch to X10 and the horizontal differ- 
ence between waveforms is 4.5 divisions (see Fig. 2-23). 



Using the formula: 



Time Delay = 



TIME/DIV 

setting 



horizontal 
X difference 
(divisions) 



magnification 



Substituting the given values: 
Time Delay = 



50 /is X 4.5 

10 



The time delay is 22.5 'microseconds. 



Time-Difference Measurements 

The calibrated sweep rate and dual-trace features of the 
Type 454 allow measurement of time difference between 
two separate events. To measure time difference, use the 
following procedure. 

1. Set the Input Coupling switches to the desired cou- 
pling positions. 

2. Set the MODE switch to either CHOP or ALT. In gen- 
eral, CHOP is more suitable for low-frequency signals and 
the ALT position is more suitable for high-frequency sig- 
nals. More information on determining the mode is given 
under Dual-Trace Operation in this section. 

3. Set the TRIGGER switch to CH 1 ONLY. 

4. Connect the reference signal to INPUT CH 1 and the 
comparison signal to INPUT CH 2. The reference signal 
should precede the comparison signal in time. Use coaxial 
cables or probes which have equal time delay to connect 
the signals to the INPUT connectors. 

5. If the signals are of opposite polarity, pull out the 
INVERT switch to invert the Channel 2 display (signals may 
be of opposite polarity due to 1 80° phase difference; if 
so, take this into account in the final calculation). 

6 . Set the VOLTS/DIV switches to produce four- or five- 
division displays. 

7. Set the A LEVEL control for a stable display. 




Fig. 2-23. Measuring time difference between two pulses. 

Delayed Sweep Time Measurement 

The delayed sweep mode can be used to make accurate 
time measurements. The following measurement determines 
the time difference between two pulses displayed on the 
same trace. This application may also be used to meas- 
ure time difference from two different sources (dual-trace) 
or to measure time duration of a single pulse. Fig. 1-5 
graphically shows the measurement accuracy with any given 
difference between DELAY-TIME MULTIPLIER dial settings. 
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1. Connect the signal to either INPUT connector. Set 
the MODE switch to display the channel used. 

2. Set the VOLTS/DIV switch to produce a display about 
four divisions in amplitude. 

3. If possible, set the A TIME/DIV switch to a sweep rate 
which displays about eight divisions between the pulses. 

4. Adjust the A Triggering controls for a stable display. 

5. Set the HORIZ DISPLAY switch to A INTEN DURING 
B and the B SWEEP MODE switch to B STARTS AFTER 
DELAY TIME. 

6. Set the B TIME/DIV switch to a settingg 1 /1000th of the 
A TIME/DIV sweep rate. This produces an intensified por- 
tion about 0.1 division in length. 

7. Turn the DELAY-TIME MULTIPLIER dial to move the 
intensified portion to the first pulse. 

8. Set the HORIZ DISPLAY switch to B (DELAYED SWEEP). 

9. Adjust the DELAY-TIME MULTIPLIER dial to move the 
pulse (or the rising portion) to the center vertical line. Note 
the setting of the DELAY-TIME MULTIPLIER dial. 

10. Turn the DELAY-TIME MULTIPLIER dial clockwise until 
the second pulse is positioned to this same point (if several 
pulses are displayed, return to the A INTEN DURING B 
position to locate the correct pulse). Again note the dial 
setting. 

11. Subtract the first dial setting from the second and 
multiply by the delay time shown by the A TIME/DIV 
switch. This is the time interval between the pulses. 



Example. Assume the first dial setting is 1.31 and the 
second dial setting is 8.81 with the A TIME/DIV switch set 
to 0.2 ijl s (see Fig. 2-24). 



Using the formula: 

Time Difference _ 
(delayed sweep) 

second dial 
setting 



first dial 
setting 



X 



delay time 
(A TIME/DIV 
setting) 



Substituting the given values: 

Time Difference = (8.81 — 1.31) X 0.2 ^is. 



The time difference is 1 .5 microseconds. 



Delayed Sweep Magnification 

The delayed sweep feature of the Type 454 can be used 
to provide higher apparent magnification than is provided 
by the MAG switch. The sweep rate of the DELAYED 
SWEEP (B sweep) is not actually increased; the apparent 
magnification is the result of delaying the B sweep an 
amount of time selected by the A TIME/DIV switch and 
the DELAY-TIME MULTIPLIER dial before the display is pre- 
sented at the sweep rate selected by the B TIME/DIV 
switch. The following method uses the B STARTS AFTER 
DELAY TIME position to allow the delayed portion to be 
positioned with the DELAY-TIME MULTIPLIER dial. If there 
is too much jitter in the delayed display, use the Triggered 
Delayed Sweep Magnification procedure which follows. 



DELAY-TIME DELAY-TIME 

MULTIPLIER dial: MULTIPLIER dial: 

1.31 8.81 

1 1 

1 1 
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Fig. 2-24. Measuring time difference using delayed sweep. 



1. Connect the signal to either INPUT connector. Set the 
MODE switch to display the channel used. 

2. Set the VOLTS/DIV switch to produce a display about 
four divisions in amplitude. 

3. Set the A TIME/DIV switch to a sweep rate which 
displays the complete waveform. 

4. Adjust the A Triggering controls for a stable display. 

5. Set the HORIZ DISPLAY switch to A INTEN DURING 
B and the B SWEEP MODE switch to B STARTS AFTER DE- 
LAY TIME. 

6. Position the start of the intensified portion with the 
DELAY-TIME MULTIPLIER dial to the part of the display to 
be magnified. 

7. Set the B TIME/DIV switch to a setting which intensi- 
fies the full portion to be magnified. The start of the inten- 
sified trace remains as positioned above. 

8. Set the HORIZ DISPLAY switch to B (DELAYED SWEEP). 

9. Time measurements can be made from the display in 
the conventional manner. Sweep rate is determined by the 
setting of the B TIME/DIV switch. 

10. The apparent sweep magnification can be calculated 
by dividing the A TIME/DIV switch setting by the B TIME/ 
DIV switch setting. 
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